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APPLICATION OF NULL-DEVIATION 
FOR THE EVALUATION 
OF NOISE AND DISTORTION 


V.A. Smirnov 


In the theory of potential interference stability, V.A. Kotel'nikov has 
shown that with ideal reception the a minimum of the quantity [%(t) - Ag (t)]? 
is ensured. This article justifies the possibility of taking the condition of 
x(t) - (t) = 0 during practical calculations for an ideal receiver. From 
here the Kotel'nikov formulas are derived for the case of very small noise 
fluctuations and also some new general solutions for large noise. 

It is proposed to use the above condition for the evaluation of several 
types of noise and distortion, for multi beam propagation and for other 
cases. 


JUSTIFICATION FOR THE CONDITIONS OF NULL-DEVIATION 
In the theory of potential interference stability, V.A. Kotel'nikov [1] 


has shown that in an ideal receiver the minimum condition of root mean 
square deviation is fulfilled: 


T?2 
0-4, OF == { 0-4, OF at (1) 
—T2 
In this expression 
XQ=AGLFI+NO, (2) 


where A(t, Fo) is the useful signal at the receiver input, modulated by the 
signal Fy = F(t), and N(t) is the fluctuating noise at the receiver input. 

Ar(t) = A(t, F) is also expressed formally, as the useful signal at 
the receiver input, but with the difference that it is modulated by the F = 
= F(t) signal, obtained at the receiver output and which includes noise. 

Having proved the minimum condition in (1), V.A. Kotel'nikov does 
not utilize it as the starting point in calculating F(t) and employs a differ- 
ent method to calculate the signal and corresponding component of noise at 
the ideal receiver output. The case where fluctuating noise plays a rela~ 
tively small role at the receiver input, is solved by V.A. Kotel'nikov 
in a practical way to obtain concrete expression for calculation of noise. 

t that a formal mathematical solution can be sought 


Nevertheless it is apparen san. De | 
for the minimum condition of integral (1) without imposing any limitations 


on noise magnitude and its physical characteristics. This implies, that 
the minimum condition of integral (1) can be taken as an initial condition 
for ideal reception with the signal affected by any type of interference. 

To find the integrand function which will yield the minimum definite 
integral is as it is known a problem in calculus of variations. Without im- 
posing any other limitations upon the integrand function — but those re- 
quired by calculus of variations — a general solution can be found. Itis 
known [2] that the conditions for obtaining one unit of an interal of a form 


ty 
I= J Oly 0.90.9 (0. ¥ Ola (3) 
are the relations 
o> da ae } 
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Here 
x=?(t) |. 5 
y=9() } 4 


are the parametric representations of the desired line and x' = +! (t) and 
y' = ¥' (t) are their derivatives with respect to parameter t. 
In our case 


()=[x() —A, OP (6) 


and in connection with fluctuating interference effects, we are interested in 
the relation between 


x =) Ni(t) sand yes E(t): 


where N(t) is the fluctuating interference and F(t) is the sought function 
reproduced by the receiver. 
Since in this problem the function @(t) does not clearly depend on 
x' = N'(t) and y' = F'(t), the conditions (4) take the following form 
Shp lad (7) 


—=0. 


ox oy 


: By applying condition (7) to function (6), which in a more expanded 
orm is 


© ()=[AG F) + NOAA, (8) 
we get 
20 = 29 9 [A(t F) +N) —AG, F=0, 
So = SHAG A) +N(O—AG A] AC =o, 


From which it is seen that the minimum condition for integral (1) in 
the most general case is the condition that 


A(t, Fy) + N()—A(t, F)=0. (9) 


This is the condition we shall call the condition of null deviation. 1 


SMALL NOISE FLUCTUATIONS 


From (9) we obtain the Kotel'nikov formula which is applicable for 
small noise fluctuations. 
Assuming 


A(t, F) = A(t, Fy + AF), (10) 
where AF is an increment of the modulating signal resulting from relatively 


small noise at the receiver output. Since in such a case, AF is also small 
as compared to Fy, then by taking approximately 


A(t, Fy + AF) = All, Fo) + AFA, (t, Fo) (11) 


and substituting it into (9), we find 
N(t)— AFA, GF) 0 


and, hence, 
pee ey (12) 
Ar (t, Fo) 
Since A(t, Fo) and N(t) are functions independent of time, we can 
average AF successively and separately, and thus get that 
N 
AF, = seh oe (13) 
OA 2 
(a) 
where AF, is the average with respect to the signal derivative only. 
We get from (13) that the power spectrum of AF, is equal to the spec- 


trum of N(t) divided by a constant quantity (2), in other words 
0 


wane (14) 


Expression (14) was found by Kotel'nikov, in it oj is the noise spec- 
trum intensity at the input of an receiver and dg is the noise spectrum. Later 
by considering a more general case for spontaneous noise, we shall find 
more accurate relations for small noises. 


1The obtained result is justified, at least for a finite but large inter- 
val of time Tin (1). Besides, it can be visualized physically as an approxi- 
mation, at least for relatively small noise. In order to appreciate the 
limits of its practical application, it is necessary to derive from condition 
(9) the formulas for noise calculations at the receiver output and to com- 
pare the calculated results from these formulas with the results obtained 
from previously known theoretical formulas and with experimental data as 


well. That is the aim of this article. 


LARGE NOISE FLUCTUATIONS 


Let us find the significance of AF in (9), without making assumptions 
as to the small amplitude of noise. In this case it is convenient to solve 
the problem for different types of modulation. 

AM: For this type of modulation, we may write 

A(t, F) =A) (1 + MF, + MAF) sin (wt + a) '?> (15) 
N (t)=Acos ol 4- Bsinot 
where 
E=VA4+B (16) 
is the noise envelope in the receiver range. 
Substituting relations (15) and (9) we obtain 
Acos of + Bsin wf == A,MAF sina cos wt + A,MAF cosa sin wf. 


This equation must be satisfied at all instants of time; therefore, 


A=A,MMF sina 
B=A,MAF cosa. 


Squaring and adding these equations, and taking into account (16), we 
obtain 
E 17) 
AF = ——. ( 
AM ApM 
It therefore follows that the power spectrum AF,,, is the power spect- 
rum of the envelope of fluctuating oscillations, reduced at each point by 
AgM?; ive. ’ 
G,(F) 
ARM? 
The envelope spectrum may be found by first calculating the correla- 


tion coefficient of the envelope. In correspondence with (3) we have the 
following relation for the correlation coefficient of the envelope 


G,p(F) = (18) 


Fa eke BS a Hie ine at 
AC bated (rltaes cr! aun cwrerd iio: || (19) 
Using the first term of the expansion in (19) for simplicity we obtain 
bs 2 
R, (*) ria (Laas Dp’, (20) 
where 
p=r(t) = ase (21) 


TwWT 


for aS ideal rectangular form of receiver frequency characteristic with band- 
width w, 


The fluctuation spectrum will then be [3] 
G,(F), = 43" ( R,(t) cos Qtdt = 
‘0 


= 402 . sin? nwt 
4—r p (nwt)? 


Sed vet cll peg te 2 
cosGrde= (1-4). (22) 


For the frequency range of interest here F « w we find from (18) 
that 


o2 t 
Gp (F), = Ame Tie (23) 


Further, taking into consideration that o? = ofw; then 
no? 1.820? 


Fu] e el | 
ap VE) 2(4— x) ABM ee (24) 


The second term in (19) yields 


G (F) 0.085; 95 
AF ae A2M2 * ( ) 
It is not difficult to derive the other components. In the limit, we 
approach the relation 
2s? 
Gf)... = ——,, 26 
ar ( AM A2M2 ( ) 


known from the work of V.A. Kotel'nikov. 

The above solution indicates that the independence of G,, (F) from 
frequency F is justified only in the region where F has small values (22). 
When the ratio of F/w approaches unity, G,,(F) begins to decrease rapidly 
In this way, the given solution for AF in the form of (17) gives a more 
accurate evaluation of the process. 

Expressions (24), (25), and (26) are justified for any signal to noise 
ratio at the receiver input. 

This is characteristic of AM modulation. 

Phase Modulation PM: In this case as it is known 


A(t, Fo) = Ay sin (wt + AgF,). (27) 
Condition (9) will be written in the following way: 
A, sin (ot + ApF,) + N (t) — Ay sin (wt + ApF, + ApAF) = 0. (28) 


Utilizing for N(t) the same expression as in (15) we obtain 


Acos i + Bsin of = A, [sin (AgFy + ApAF) — sin (ApF,)] cos wot -+ 
+ A, [cos (ApFy + AgAF) — cos (AeF,)} sin wf. (29) 


Since this equation must be satisfied for any t, then 


A=A, [sin (ApFy + AF) — sin (ApF,)] i (30) 
B= A,[cos (AgFy + SAF) — cos (ApF,)] 


Squaring and adding A and B we obtain 
5 AEE. 2 (APpAF 
£? = 4A sin ee ) 


From which 


AgAF E 
sin | ———)=>—|, 
( 2 ) 2Ao 


and hence, 


DD E i 
— in —. (31) 
AF oy ie arc s 2A, 


Such, in general, is the expression for noise at the output of an ideal 
receiver for PM modulation, for any signal to noise ratio at the input. 
When noise at the receiver input is relatively small, i.e., E/2Ap, it fol- 
lows from (31) that 

jet 
A a2 ; 
Pom ApAy 


(32) 


This formula is analogous to (17) and, in this way, for spectrum . 
density we obtain relation (26) in which instead of M we write Ag which is 
the modulation index, i.e., 

20? 


Grp = eis ; (33) 


This value for G,, (F py, is known from the work of V.A. Kotel'nikov. 
FM: In this case 
A(t, Fo) = Ap sin [wt + Ao,, f Fo (é) di. (34) 


From which it can be seen, that in order to obtain AF, it is neces- 
sary to take the derivative of (31) and Aw, instead of Ap, where Aw, is 
the maximum deviation. With this it is easy to obtain 


E’ 
a ae ee (35) 
Ay ben V1 —£27/442 


and for small values of E/Ay 


E’ 

A tae (36) 
As known, the derivative spectrum is obtained from the spectrum of 

ithe original function through a multiplication by the square of the frequency: 


2c? Q2 


Gate (37) 


AtAw?, 


We shall obtain more accurate results by calculating the E and E' 
spectrums through correlation coefficient Rg(7), given in the form of 
expansion (19). Under these conditions we shall obtain a more complicated 
dependence relationship of G,,(F)-,,upon frequency. Taking into account 
only the first term of the expansion, for FM we obtain 


Cel ee (er (38) 


2(4—n) AG do? axw 


The solution of G,,(F) for PM and FM in a more general case can be 
obtained by deriving the correlation coefficient from (31) which is a sub- 
ject of a separate article. 


Initial relation (9) may be employed to analyze fluctuating noise ef- 
fects for any other types of modulation and manipulation. 


CONCLUSION 


We have justified the method of null-deviation in the form of relation 


(9) which is useful for simple situations of practical problems in the theory 
of potential interference stability. Our solutions are more general than the 
previous ones obtained in this theory. They are justifiable for relatively 
large noise effects at receiver inputs, and give a more correct solution for 
noise spectrum density at the output of the receiver in the frequency range 
from 0 to o. 

Relation (9) may be employed for a comparative analysis of any 
communication systems, with any forms of modulation and manipulation, 
and under the influence of any type of interference and distortion. In fact 
in expression (9), instead of N(t), we may employ expressions for noise of 
any type. Nevertheless, it is not always as easy to find the solution for 
AF, as it was for fluctuating interference. 

It has also been proven that it is possible to effectively employ the 
method of null~modulation for the evaluation of distortion for multibeam 
propagation of radio waves, which is treated in a separate work. 


Original article submitted May 13, 1960 
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LOW FREQUENCY REGENERATIVE DIVIDER 


V.S. Andreev, B.P. Burdzeiko, V.T. Vasil'ev 


This article describes the characteristics of a low frequency regener- 
ative divider circuit, employing RC-amplifiers with twin T bridge networks 
for its selective elements. This divider utilizes a new scheme of frequency 
multiplication which insures greater coefficients of division under wide 
synchronization ranges. With a division by 20, the synchronization band 
reaches 9.3%. Experimental results and oscillography pictures are sup- 
plied. This article also shows the desirability of connecting an ordinary 


RC-filter at the divider output. 


INTRODUCTION 


Known harmonic frequency divider networks, using LC tank circuits 
for frequency selection, are working successfully at frequencies of 100 
cps and above. abe: : 

Even in dividers with an output frequency of about 100 cps difficulties 
are encountered. The difficulties are connected with the deterioration of 
the shape of the output signal due to the decreasing Q of the LC circuits, i 
their increasing overall size, and the fact that continuous tuning within their 
frequency range is impossible. 

To obtain sinusoidal oscillations of lower frequencies by means of 
division, it is desirable to use RC-amplifiers or oscillators as the elements 
which determine the frequency and form of the oscillations. 

Notwithstanding the self evidence of the above, sufficiently good low 
frequency harmonic dividers have not as yet been developed. Article [1] 
describes a frequency division scheme utilizing an RC phase shift oscilla- 
tor synchronized to its subharmonic. The output signal of this divider is 
not sinusoidal, and the required control voltage is in tens of volts. 

Consequently, this divider did not become popular. In the interesting 
work of Schlichting [2] are given the results of research on synchronization 
to a subharmonic of the input signal of an oscillator followed by a parallel 
RC-network. In this work considerable synchronization bands were obtain- 
ed, but at a sacrifice of the shape of the output signal. (Oscillographs of 
the output voltage are not supplied). Article [3] describes a key-type low 
frequency divider with one selective RC-amplifier with a double T-shaped 
bridge. Key-type dividers, while having much in common with regenera- 
tive frequency dividers, are less complex than the latter. However, they 
are inferior to the previously mentioned dividers as far as phase stability 
and non-linear distortions of the output signal are concerned. In connec- 
tion with this the attempt of creating a regenerative divider of low fre- 
quencies was undertaken. Design and test results of such a divider are 
described below. 


THE FREQUENCY DIVIDER 


The schematic diagram of a regenerative low frequency divider with 
selective RC arrangements is shown in Figure 1. It consists of a mixer, 
which uses one half of tube 6HII; a frequency multiplier — the second half 
of the tube — and two selective RC amplifiers. In ordinary two-tube re- 
generative frequency dividers, the necessary tuning and selectivity of the 
stages is obtained by connecting the required resonant circuits in the plate 
circuits of the mixer and multiplier tubes [4]. 

When using selective RC-amplifiers, the placement of the selectivity 
circuit and the mixer (or multiplier) functions in one stage is undesirable. 
In order to obtain maximum selectivity the operating region must be select- 
ed in the linear portion of the grid-plate characteristics, corresponding to 
maximum transconductance; and in order to obtain the most efficient mixing 
stage (or multiplication) which determines circuit sensitivity the operating 
point must be selected in the non-linear portion of the characteristic curve 
or even in the cutoff region. Therefore, in order to insure enough network 
sensitivity and selectivity it was necessary to introduce independent selec- 
tive RC amplifiers. The amplifier, following the mixer, was tuned to fre- 
quency f, which is the subharmonic of the input signal f,, = nf, and the amp- 
lifier following the multiplier was tuned to a frequency (n-1)f. Each 


Converter Selective amplif, I Multiplier Selective amplif, II 


Figure 1 


amplifier was constructed around a6)K4tube with a twin T bridge, in the 
negative feedback loop. Since the amplifiers are fed from high impedance 
sources, a shunt bridge feeding arrangement was employed. However, in 
view of insufficient "high-impedance" of these: sources, — which could 
cause considerable decrease in the selectivity of the RC-amplifiers which 
follow — their resistance was increased by connecting an additional 1-meg- 
ohm resistor in series. Optimum resistance was determined experimental- 
ly for each stage so as to obtain maximum amplifier selectivity. 

It is known, that selection of elements (R and C) for a twin bridge 
with an insufficient degree of accuracy of the resonant frequency, may re- 
sult in two consequences: either negative feedback — thus reducing network 
selectivity, or positive feedback which will reduce the amplifier operating 
stability up to the point of oscillation. With the aim of insuring normal 
operation of these amplifiers, the parameters of the twin T bridges were 
determined with high degree of accuracy (0, 1%), and were not regulated 
later, Nevertheless, this precaution alone was insufficient to prevent the 
amplifiers from self-excitation. Self-excitation was eliminated by connect- 
ing a small capacitor between the plate and the cathode of each amplifier 
tube. This resulted in a slight reduction of amplifier selectivity. 

The frequency converter uses a single grid to perform the frequency 
conversion. To obtain the optimum operating point — which corresponds to 
the best efficiency as far as the beat frequency is concerned — the operating 
point was selected in the region near tube cutoff by means of potentiometer 
R, to R, (Figure 1). At the mixer input, frequency nf beats with frequency 
(n - 1)f from the frequency multiplier network. The mixer output voltage 
(point B in Figure 1), is shown in Figure 2. This is an oscillograph dia- 
gram for n= 10. It contains the corresponding frequency difference f and 
feeds its following tuned amplifier. 

The schematic in Figure 1 was investigated for frequency division by 
n= 5, 10 and 20 times, which required corresponding frequency multiplica- 
tion by 4, 9 and 19 times. At the start, an ordinary tube network of a 


Figure 2 


multiplier was tried, but eventually this 
was found to be ineffective, especially for 
large multiplication coefficients. The 
latter is caused by a rapid decrease in 
amplitude as the number of the harmonic 
increases, as well as the fact that it is 
impossible to insure optimum grid bias, 
above cutoff, while retaining network 
operation without introducing special trig- 
ger arrangements. Therefore, a new fre- 
quency multiplication network was devel- 
oped which utilizes a ringing circuit ex- 
cited by short timed impulses. The RC 
amplifier following the multiplier network 
was utilized as this circuit. This multi- 
plier operates between two limiting con- 
ditions produced by the absence and pres- 
ence of grid currents. The operation of 
the frequency multiplier is clarified by 


Figure 3. As a result of the large amplitude of the sinusoidal input of fre- 
quency f, impulses of an almost trapezoidal form (Figure 3a) are gener- 


ated in its plate circuit. 


The width, and slope of the edges of these im- 


pulses are dependent on the initial bias and amplitude of the input voltage. 
A differentiating network is connected to the plate of the multiplier. This 
network is formed by the blocking capacitor! C = 300 pF anda parallel 


Figure 3 


1 : ; 
The capacity C also serves to increase the output impedance of the 
multiplier, which — as already noted — is necessary in order to increase 


the sensitivity of the next stage. 


10 


connection of the input bridge resist- 
ance and the grid leak resistance of the 
next tube R = 1.1 meg. 

The output of the differentiating 
network consists of narrow pulses of 
frequency 2f. These pulses support 
the oscillations in the amplifier which 
is tuned to the (n - 1)f frequency. The 
oscillations decay in the intervals be- 
tween the impulses. The rate of decay 
is determined by the equivalent Q of 
the tuned amplifer. To effectively 
operate such a frequency multiplier, 
it is important that the impulses be 
sufficiently narrow and strong, and 
the interval 7, between the negative 
and positive impulses be completely 
determinable, thus insuring impulse Figure 4 
action at the time of largest negative 
or positive voltage of the signal (n-1)f 
at the grid of the amplifier. The mag- 
nitude of T; may be regulated by varying the bias as well as the parameters 
of Rg and Cg in the grid circuit of the multiplier. By interpolating graphs 


b, c and d in Figure 3, it can be easily seen that for the case Tj = + the 


most desirable conditions exist for an even numbered division, and that 
division by an uneven number is impossible. In Figure 4, the oscillograph 
picture of the signal strength at the output of the differentiating network 
with the divider operating and n = 10, the arrows indicate the action of the 
first negative and the second positive impulse. 


ANALYSIS OF THE CIRCUIT BASED ON EXPERIMENTAL DATA 


In the following table are supplied the facts about the frequency and 
the coefficients of division at which the divider was tested; the size of the 
capacitors in the twin T bridges, and also the largest synchronization bands 
obtained expressed in percentages relative to the frequency of the input sig- 
nal (I1%). 


Table 1 


‘uning frequency Ol| Capacitance C of 
| Frequency elective amplifier twin-T bridge 
multi- 
£m! cps f, ops plier converter 
40 


200 160 
178 17.8 160 
356 17.8 338 


Coeffi- 
cient of 
division 


converter 


aLil 


All resistances R, in the twin T bridge networks in both tuned ampli- 
fiers were equal to 220 K. 

The divider amplitude characteristics, i.e. , dependence of the output 
voltage Vou on the amplitude of the input signal Vin were taken with the net- 
work tuned to resonance for n = 5, these are illustrated in Figure 5; and for 
n = 10 and 20 in Figure 6. 


E,=370v( without Rg) 


a= 300v(without Rg) 
E,=300v 


ken with Rg in 
the multiplier 


Break off at 
Uin = 10v 


30 
20 
10 
: 2 sae 6 Uin(Y) 
Figure 5 


The shape of all characteristics 
is the same: the divider excitation 
begins when the input signal exceeds 
a certain threshold value Vini. Fur- 
ther increase of Vin to a magnitude 
of approximately 1 v results ina 
sharp — almost linear — rise in Vout. 
After that an increase in Vin does not 
result in any appreciable rise of Vow , 
and may even reduce its magnitude. 
At a certain level of Vin2 the network 
ceases to oscillate. Consequently, 
the network realizes frequency divi- 
sion only if the amplitude of Vin is 
within certain limits. 

In Figures 7 and 8, the divider 

Figure 6 frequency characteristics correspond- 
ing ton = 5 and n = 20 are supplied. 
These characteristics relate the am- 
plitude of output voltage Vout and the 
frequency of the input voltage Vin as the parameter. The region correspond- 
ing to the transition from the linearly increasing region of amplitude char- 
acteristics to the curved region (in our case for Vin © 1 to 1.5 v) should be 
taken as the most advantageous region of operation for the regenerative 
frequency divider under consideration. In this region, the output signal has 
the best form, and the synchronization band is close to its maximum. When 
n=5, the largest synchronization band is obtained with Vin = 2.5 v; however 
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for this case the output waveform was sli i i i 
outp ghtly inferior. With n = 20, the 
ei synchronization band was obtained for Vin equal to approximately 
RORV: 


Vout CV) 


in= 1, 6v (without Rg) 
Eg = 800v 
Uin= 1. 2v (without Rg) 


Uin= 0. 8v (without Rg) 


Uin = 0. 5y (without Rg) 
{ Uin = 1. Ov (with Rg) 


210 f(cps) 
Figure 7 
+} _ E, = 300v 
mt 1. Ui = 1. OV 


2 Um= 1, 5y 


Resistance Rg, connected to the grid of the multiplier, has consider- 
able effect on the divider characteristics due to the fact that the latter oper- 
ates on grid currents. For n=5, the amplitudes and frequency character- 
istics were taken with Rg = 560 K-ohms and without it (Figures 5 and 7). 
For n = 10 and 20, capacitance C was connected in parallel with Rg = 560 
K-ohms. The connection of R reduces the shunt effect of the frequency 
multiplier upon the tuned RC-amplifier proceding it, with the result that 
its gain and selectivity increases. This results in: a decrease in the lower 
limit of Vini, an increase in the range of Vj»; where the divider operation is 
stable, as well as an increase in the synchronization band. 

Among the merits of the described network are the wide synchroniza- 


13 


tion bands (table 1). If we assume that division by any given number n can 
take place, as long as the frequency of the input signal fin does not exceed 
the limit of half the frequency interval between nf and (n + 1)fp2, where 

fy) is the frequency to which the ouput network is tuned — then the synchro- 
nization band must not exceed 


100 
Tmax lo * iat (1) 


For the case where n = 20 the largest synchronization band was found 
to be greater than that defined by expression (1). This apparently is a con- 
sequence of a good selection of the frequency multiplier operating region, 
which permits multiplication by 19 and impedes multiplication by 18 and 20. 
Such a situation is analogous to the one illustrated in Figure 3c andd. It 
is possible that an increase in the synchronization bands obtained for n =5 
and 10 could be realized with a more finely adjusted network. 

The effect of the supply voltage on the operation of the divider was 
checked by varying the supply voltage Eg from 370 to 250 v, and in some 
cases to 180 v. In all cases the operation of the divider was relatively 
stable. An increase in Eg, increases the gain of all stages, and consequent- 
ly, the selectivity of the RC-amplifiers. The output voltage Vou increases, 
the input voltage V;,;decreases, the range of Vi, is widened and the wave 
form of the output voltage shows some improvement. The synchronization 
band does not change greatly. 

Within the operating ranges, the equivalent quality factor Q, for the 
tuned amplifiers which was determined from the .707 points of the frequency 
response was not very large (Q, ~20 - 30). This is a consequence of uti- 
lizing capacitors in the amplifiers to eliminate self excitation. Neverthe- 
less the divider output voltage closely approximated a sinusoid (as may be 
seen from oscillograph diagrams illustrated in Figure 9a for n = 10 and in 
Figure 9b for n = 20). Both oscillograph diagrams were obtained for Vin = 
=1v. Despite the low selectivity of the RC-amplifiers, the output signal 
from such a divider is considerably better than the signal obtained for the 
same n at the output of a key-type low frequency RC divider [3]. 


Figure 9 


2 A eee 
Such assumption is more or less justified, if the considered operat- 


ing range is equally applicable to division by an even as well as uneven num- 
ber of times. 
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To increase the waveform of the R 


output signal from the divider, an or- 7 7, 
dinary single mesh RC filter ilustrated 

in Figure 10 was connected. Since the in COP out 
derivation from a sinusoid of the output 

signal from the divider is largely the 1 2 


result of the "leak through" of signals 
throught the converter, such a filter 
performs best as n increase. It may 
be easily shown that if filter elements 
R and C are selected from the condi- 
tion 

1 


R> Qc” (2) 


then for larger n, the filtering coefficient approaches n. As oscillograph 
diagram for the output voltage from the filter, for n = 20 and V,, = lv, is 
illustrated in Figure 9c. 


CONCLUSION 


The output frequency range for the above considered low frequency 
divider is determined by the operating frequency range of the tuned RC- 
amplifiers with twin T bridge networks and covers the range from several 
tens of kilocycles to 10 cycles and lower. Use of constant current ampli- 
fiers will permit the construction of dividers for even lower frequencies. 
Despite the comparatively low selectivity of the RC-amplifiers, the output 
oscillations were almost sinusoidal. The experiments carried out in the 
present work, and in work [3], have shown that; increasing the equivalent 
Q-factor of the selective amplifiers gives better output waveform with a 
simultaneous narrowing of the synchronization bands and vice versa. This 
is found to be in complete agreement with work [2], in which it has been 
proven that for harmonic dividers, the broader the phase characteristics of 
the frequency selective elements, the wider the synchronization band. 
Usually, the lower the Q-factor of the tuned network the lower the steepness 
of the phase characteristics. Consequently, from our point of view, in 
order to fully describe the characteristics of any harmonic frequency de- 
vider (especially for cases of large n) it is necessary to indicate not only 
the synchronization bands, but it is also important to supply oscillograph 
diagrams of the output voltage or to supply facts about its spectrum. 

Low frequency regenerative divider possesses good sensitivity, has 
stable operation for a wide range of power supply and amplitude of the in- 
coming signal, provides large coefficients of division with wide synchroniza- 
tion bands, and a good output signal waveform. With large coefficients of 
division, the synchronization band is wider then that obtained up to the pre- 
ent by other type of dividers. With large coefficients of division a con- 
siderable improvement of output signal waveform may be obtained by means 
of an ordinary RC filter (Figure 10). This is true for regenerative as well 
as key type dividers. it 

Application of the new frequency multiplying network in the divider 
has, in our opinion, an independent significance. 


1 


Original article submitted April 29, 1960 
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INTERFERENCE EFFECTS 
ON A TWO-CHANNEL RECEIVER 


INSTALLATION WITH AGC 


V.V. Shirokov 


This article considers the random processes within a two-channel 
installation with AGC. It determines the statistical characteristics at the 
channel outputs, which allows the choice of the AGC parameters, and also 
determination of the effect of channel unbalance. 


INTRODUCTION 


In present day radio systems, a two-channel receiver setup with 
AGC (Figure 1) is utilized for the determination of angular coordinates. 
Strict conditions are imposed on the equality of channel characteristics, 

since on it depends the accuracy of the 

determined angular coordinates. This is 

especially true in the presence of different 
US tt) types of interferences, 

The present article analyses the 
effects of signal and noise fluctuations, 
when random modulated, on a two-channel 
installation with AGC. This analysis per- 
mits calculation of the characteristics of 


, lst channel 
U,, (t) 


Sad ehenMnel Uout(t) the random processes at the outputs of 
the receiver channels, determination of 
Figure 1 their dependence on the AGC parameters 
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and the effect of unbalance of channel regulating characteristics. 


SOLUTION OF THE INTEGRAL EQUATION WHICH DESCRIBES AGC 


The first channel of the AGC receiver constitutes a closed loop (Fig- 
ure 1). Random processes in a closed AGC system are analysed in ole 
and we shall utilize to a great extent the results there obtained. In order to 
compare the output interference characteristics, of the channels under con- 
sideration, it is necessary to analyse the random processes in the second 
channel, which constitutes an open loop in the AGC system. 

In view of the extreme slow response, property of an AGC system, the 
regulated amplifier may be considered to have instantaneous response, and 
we may take for the input excitation the amplitude of the incoming signal, 
even for the case where it is in the form of an impulse [2]. Let us consider 
the steady state operation of AGC. The approximate regulating character- 
istic of the amplifier in the vicinity of the operating point is assumed to be 
the following straight line: 


x (E,) = Ky — bE, (2). 


Here ky and by = tan @ are the parameters of the regulated character- 
istic (Figure 2), E,(t) is the regulation potential. Then the signal at the 
output of the Becond| channel Uou (t) depends on the amplitude of its input 
signal in the following manner: 


Uout (t) = Vin [Ho — bE, (OC) 


and for the case under considera- K 
tion, the input signal from the 
first channel is related to the in- 
put signal of the second channel 
by expression 

U,, ) =U in kK, 
where LU is a positive quantity. 

Then the first channel output 

signal U'jz(t) will be justly ex- 
pressed by: 


Coe, (4) = win (t) [Ky oe DE, (), (2) 


where kj and b' are parameters 


of the regulation characteristics = 
of the first channel. 

It is known that a stationary = f 
random process may be e ressed E5 ) 
by a Fourier integral [3, 4] 


oo Figure 2 
Vou (= (e*dZ(o), (3) 


where Z(w) is a random function. If the 5 -function approach is employed, 
: . dZ(w . 
then it may be assumed that a derivative of this function fabs} does exist. 


Then integral (3) may be written in the ordinary Fourier integral form 


w 4 
ier (t\)= = { C () e! ‘do, (4) 
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where C(w) = 27 aa) may be naturally called the spectrum of the ran- 
dom process. From the mathematical point of view, such an expression 
cannot be considered rigorous since the introduction of the 5 -function is not 
entirely rigorous. However this scheme permits manipulation with ordinary 
Fourier integrals which are common in technical applications. 

If the solution for C (w) can be found, then it is not difficult to deter- 
mine the random process characteristics at the output. The expectation 
will be found from the relation 


Una ) = 5- § C(e) e™ do, (5) 


—@o 


where the line above the expression signifies the ensemble average of the 
random process outputs. 

The expression for the random process spectrum deviation from the 
value of expectation has the form 


C(w) — C(w) = i AU sup (t2) © '°* dt, (6) 


where AUgy:(t) = Uout(t) -Uout(t), and its conjugate quantity will take the 
following form: 


C* (a) — CF (@’) = [ AU ou (6) ear dt. (7) 
Multiplying (6) by (7) and taking the ensemble average we obtain 


[C (©) — C(o)f [C* (w’) — C* (w’)] = BU og (a) AUG (Ges art ab. dte 


Introducing a new variable T = t, -t, we obtain the following expres- 
sion 


[C() — C(«)] [C* (w’) — C*(@’)] = xo) eds eo iw ai, 
where R(T) is the correlation function U,,(t). 
After integrating, we shall find the expression which will permit the 


determination of the random process s i 
: pectrum density at the output 
if the solution for C (w) is known y Ere a 


[C(w) — C(#)] [C* (@) — C* (w)] = 2x8 (w — 0’) go (0). (8) 


Let us determine the solution for C (w). We take the output signal fro 
: = m7 
the first channel to be analogous to (4), and the input sigeal be = 


1 ° { wt 
U,, (t) =A4 x fae: do, (9) 
where A = Vin ( t) is the expectation of the input signal. 
Then, with the assumption that the AGC feedback network is linear, 
we shall obtain the following expression for the regulation potential: 


E,() = 3 ( C’(o) H(w) e'“de— KE, (10) 
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here C'(w) is the random process spectrum at the output of the first chan- 
nel; kjH (w) is the feedback coefficient [H (0)]=1 ; Ez the retardation po- 
tential. Substituting (10), (9) and (4) into (1) and (2), we obtain equations 
which relate the voltage spectrums at the output of the channels with the 
spectrum of the input channel, 


C’ (w) = fonds BK +o Ee) 
(©) = [2x A8 (@) + a (w)| oT RCTS 
Ky PC’ (s) na (w — 8) H (s) ds 
Qn f 1 + pAbK}H («) oy) 


C{u) = [2-43 (0) + @()| (Kp + 6K ,Ee) — Abn H (0) C’ (@) — 
4 {c (s) H (s) a(w — s) ds, (12) 


where 5 (w) is the delta function. 
The solution of equation (11), which describes a closed AGC system 


2 
of any order, was obtained in [1], [assuming that oO <1, where o° is the 


dispresion of U (t) ] in the form of repeated approximations 


C’ (w) = Co(w) + Ci (w) + Co(w) + C3(w) +... 
where 


Cio) = Ki), pA2x8 (@); C; (0) = H; (0) pa (w) 


C;(v) = — He (0) 2 | as) a (@—s) Hy (s) ds 


Ri (13) 
C; (0) = Hz (0) 08 (St) Ff a(s’)a(s —s') a(@—s)Hp (8) Hy (s') dds’ 
Here . 23 PE. 
av 14 Ab’eyp 
the average coefficient of amplification of the first channel 
, B Kay (15) 
Hel) = Ab nH) 
, , 1 
H, (») =H (w) Hz (o)——.- (16) 
Kay 


Utilizing the obtained results, it is natural to seek a solution of 
equation (12) also in the form of repeated approximations 


C(w) = Cy (w) + C; (@) + C,(@) + C,(%) + --- (17) 
Then the zero approximation for C (w) will be written in the form 
Cy (@) = 285 (w) A (Ko + OK, Ee) — AbxH («) Cy (@}. 
By substituting Cj(w) from (13) we shall find 
Co (@) = k, ,A2nd (@), (18) 
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where 
ko + Ab’ Kika p — Ab xy Kpt 6x, E, 
Ki 1 PAVE, 


is the average coefficient of amplification of the second channel. : 
In the same manner the corrections to this approximation are obtained: 


C, (@) = a (w) (Ky + 0K,E,) — Abx,H (@) C; (#)— 


— FE) Col) (8) ao — s)ds—H.(e)a(w), (19) 
where ae 
1 + pAK,H (w) ( = 2) 
H,(@) = Kay 1+p Ab’x,H (w) * » (20) 
C,(o) = - | a(s)a(w—s) H;(s) ds, (21) 
C,()= gee H;,(w) f i a (s,)a(s — s,)a(w — s)H'(s) H'(s,)dsdsy. (22) 


The obtained solution permits the possibility of determining the signal 
envelope at the output of the second channel for any input envelope. Applic- 
ation of this solution to random input problem, permits determination atthe 
statistical characteristics of the signal at the output of the second channel. 


RANDOM PROCESS CHARACTERISTICS AT THE OUTPUT 
OF THE SECOND CHANNEL 


We shall determine the expectation of the output signal by substituting 
in the equation (5) the solution for C(w), as obtained in (17). Then the 
expectation for the second channel output signal, to the third approximation, 
will have the form 


Vous (=H, ASL — 


yy UK \ | 
Kay4 (1 + pAd‘’R)) Qn &(s) A, (s) ds }. (23) 


In deriving this expression, we take into account that for a stationary 
random process the following equation holds a(s) a(w-s) = 2mg(s) 5 (w) 
where g(s) is the spectrum density of the input signal. This can be proven 
in a manner analogous to the one employed in proving relation (8). 

We shall determine the spectrum density of the output signal by sub- 
stituting the solution in the form of (17) into formula (8). Since in this 
case 


Cy(w) = Co(w), C,(o) = C;() =0 and Cj ()[C; (@) — C, (@)] =0, 
then ’ 
278 put (@) & (@ — 0) = C,(w) Ci (0) + C; (w) C3 (@’) + C, (w) C3(@’) + 
+ Cy (@) Ci(w’) — C, (@) Cow) +... = 2e[g,(w) + gy (w)+...] 8(w—o’), 
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In connection with formula (19) we obtain 
Ci (0) C7) =H, (0) Hy (w’) a (w)a* (wv) = 2 xg, (v) 3 (o— 0), 


where g;(w) is the first approximation to the spectrum density at the out- 
put. = 
Since a()a* (w’) = 2 xg (w)8(w — o’), then 


81 () =|F, ()/? g (2). (24) 


In this manner, the first approximation of the AGC system in the 
second channel is equivalent to a linear system with a transfer ratio deter- 
mined by formula (20). 

From [1] it follows, that an analogous transfer ratio for a linear 
system, at an equivalent AGC system in the first channel, is determined 
by formula (15). 

The obtained formulas permit the determination to the first approxi- 
mation of the spectrum densities of the output of a receiver channels and 
to evaluate the effect of an unbalance in their characteristics. From ex- 
pressions (15), (20), (18) and (14) it follows that with identical regulated 
characteristics of the channels (i.e., with ky = kj and b = b') the expres- 
sions for the equivalent frequency characteristics of the first and second 
channel, coincide completely. A correction to the first approximation for 
spectrum density of the second channel output, will be found from relation 


C; (@) C3 (w’) + C; (w) C3 (@’) + C3 (@) Ci (0’) — C; (0) Cio’) = 
= 2 ng, (w)3(o— 0’). 
By utilizing formulas (19), (21), (22) we find in the same manner as 
employed in [1] the following expressions for g» (w): 


oo 
b2 2x? 


g2(0) =" 1H, (w)? { g (9) g(@— 9) (1H, (9)? + H,() Hs (0 9)] ds 


—2 


eee o 
+ g() ~* Re [Heo H.(0)][ H, Of eH, (ds + 


+ g()H, (0+ 5)H,(s)ds + § g(@—s) H,(@)H, (s) ds]). (25) 


—-2 


And so, in the described manner we obtain general expressions for 
the statistical characteristics of interference at the output of the second 
channel, which are justified for an AGC system of any order. By utilizing 
the formulas derived in [1], we can determine the interference character- 
istics at the output of the first channel as well as evaluate the effect of 
channel unbalance on the noise-proof features the receiving system. 


INTERFERENCE CHARACTERISTICS AT THE OUTPUT 
OF A TWO-CHANNEL RECEIVER WITH AN AGC SYSTEM 
OF THE FIRST ORDER 


As an example of application of the general expressions for the ran- 
dom process characteristics, we shall examine a case, frequently enceun- 
tered in practice, of an AGC system whose feedback network has cotransfer 


ratio 
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KH (oe) =. (26) 


We shall take the spectral interference density at the input of the 
second channel in the form 


g (= (27) 


where o” is the dispersion, and oa = T, is the correlation time for U;,(t). 


Then, by substituting (27) and (16) into (23) and taking into account (26) 
we shall obtain as the expectation for the interference at the output of the 
second channel, the following expression: 

(28) 


aioe K, bk, ot 
Uout (#1) = Ky yA {1 = ay \, 


ae Se Mee 
kK, yA (1 + #Ab’«))? (1 + 27) 


here Te = is the equivalent time constant of the AGC. 


oe ke oes 
1+ LAb'ky 

Since J Ab'k, >> 1, the second term in formula (28) may be with suf- 
ficient accuracy for practical purposes be disregarded 


out ()) = K, A. (28) 


In a similar manner, the expectation for the interference at the first 
channel output is written in the form 


U out () = Kk, pA. (30) 


Comparison of formulas (29) and (30) indicates, that if we are only 
interested in the average potentials at the outputs of the channels, then in 
order to make the paths identical it is sufficient to maintain (by means of 
additional regulation) their average coefficients of amplification equal in 
the entire range of input signal or interference. It should be pointed out, 
that equating the average amplification caefficients for any one single value 
of input signal may prove to be an insufficient means for making the chan- 
nels identical. In fact, the regulating characteristics for each channel may 
greatly vary, because with a changing signal strength, the parameters of 
ky and kp, b and b', will change in a different manner. From the above, 
and also from formula (14) and (18) it follows, that the average amplifica- 
tion coefficients of the channels will differ depending on the expectation for 
the input signal. It may therefore be necessary to maintain them equal in 
the whole range of the input signal strength. 

If we limit ourselves to the first approximations, then the spectral 


density at the output of the second channel for this case will have the form 
2 2 
ae Qacrr? (Nast eare)f (31) 
(2? + 0) (1+ w2 72) 


where 


1+ nan(# —1 22) 
NV ce eee (32) 


1 +p Ab’ Ky 


The first approximation for the dispersion of the random process at 
the output of the second channel is obtained as a result of integrating ex- 
pression (31) with respect to w 


of a yt gp Nt tale 


1 ay 1 +aT, 2 (33) 
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As was shown in [1], the dispersion process at the output of the first 
channel is determined to the first approximation by the expression 


1 
Fiano tele 
1 Ab’ k})2 
pl ail eA elias (34) 


OF AP OD 
peer ay 1407, 

A,comparison of expressions (33) and (34), and bearing in mind (32) 
shows, that even when means are taken to secure equality of the average 
amplification coefficient for both channel, the dispersion of the random 
processes at the outputs may still differ greatly from the case of complete 
channel identity. For example, for kay = K'gy, b = 2b', (which may take 
place for unequal regulating characteristics of the channels), the disper- 
sion process at the output of the second channel will have the form 


of eK? at (35) 


From equation (34) and (35) it follows, that for identical channel 
characteristics, the faster the fluctuation response of an AGC system for 
the first channel, i.e., the greater the inequality aT, <1, the more the 
dispersions at the output will differ. 

Analogously, higher order approximations can be found for the out- 
put random process characteristics. 

The given analysis indicates that succeeding approximations will 
rapidly converge for 7 < 1 and that for practical purposes the obtained 
expressions can be frequently sufficient. 


CONCLUSION 


On the basis of the obtained results, the following conclusions can be 
made: 

1. As far as the transmission of signal envelope is concerned the 
AGC system is equivalent (in the first approximation) to a linear system, 
for which the transfer ratio in the first channel is determined by formula 
(15), and for the second channel by formula (20). 

2. The average signal at the channel outputs does not depend on the 
random component of the input voltage. If only average signal values at the 
channel outputs are of interest, then it is sufficient, by means of supple- 
mentary regulation, to maintain their average amplification coefficients 
equal in the entire range of input amplitude variation. 

3. Even if measures are taken to equate the average amplification 
coefficients of the channels in the receiving system, fluctuating components 
of output voltages may greatly differ due to the inequality of the regulating 
characteristics. This difference will be the more pronounced, the faster 
the response of the AGC system. 

Thus we have analyzed the effect of a changing amplitude signal on a 
two-channel setup with AGC with a filter of any order. In the article are 
obtained and solved integral equations for the spectrums of output potentials. 
Also obtained are formulas for the expectations and spectrum densities of 
the output potentials. As an example, an AGC system with a filter at the 
first order is analyzed in detail. 

By utilizing the above methods, the effects of other type signals (for 
example, asinusoidally modulated signal of fluctuating amplitude, and 
others) may be analyzed. However, analysis of these cases is beyond 


the scope of this work. 
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SELECTION OF NETWORK ELEMENTS 


TO COMPENSATE FOR FREQUENCY 
CHANGES DUE TO TEMPERATURE 


IN QUARTZ-CRYSTAL OSCILLATORS 


G.B. Al'tshuler and V.A. Prokhorov 


Compensation for frequency changes due to temperature by means of 
reactive-resistive networks is considered. Frequency relations for the 
crystal controlled oscillator are supplied. Also determined are the equiv- 
alent parameters of the compensating networks as well as their interrela- 
tionships. The experimental data obtained confirms the derived relations. 


INTRODUCTION 


In oscillators operating under large temperature gradients, the fre- 
quency drifts are caused mainly by temperature instability of the network 
elements. Such conditions prevail in oscillators operating in airborne, 
portable and other radio aparatus. Temperature stabilization is found to 
be the most accurate way of frequency stabilization. However it consumes 
additional energy from the power sources and also increases weight and 
overall size of the equipment. In connection with this, in many cases when 
high accuracy of frequency stabilization is not required, it is advantageous 
to employ thermal compensation, Thermal compensation has received wide 
application in non-quartz oscillators, where it is accomplished by connect- 
ing in the network reactive elements with temperature coefficients of op- 
posite polarity. 

In quartz oscillators the frequency instability due to temperature is 
largely determined by the temperature-frequency coefficient (TFC) of the 
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quartz resonator, and does not greatly depend on the temperature coeffi- 
cients of the remaining network elements. Therefore, for quartz oscil- 
lators, the usual manner of frequency compensation is not effective. Con- 
nection of reactances even with high temperature coefficients (as for ex- 
ample certain types of ceramic capacitors) does not yield the frequency 
changes required for compensation, since the magnitude of the reactances 
does not change sufficiently. 

One way of obtaining large changes in reactive impedance (which de- 
pend on temperature), is by utilizing thermistor controlled XR-networks. 

If a parallel network constructed from inductances or capacitances and 
thermal-resistance is connected following the quartz resonator, then the 
reactance which constitutes the impedance of such parallel network (con- 
sidered following the quartz oscillator) may be visualized as a variable 
quantity which depends on thermal resistivity, i.e., on temperature. For 
example the equivalent inductance of a parallel LR-network is equal to 
L 

© Ll \2~ 

ile) 

In a similar manner, we may change the frequency of the quartz oscil- 
lator by connecting in parallel with the quartz crystal an inductor or capac- 
itor network and a thermistor. With the aid of the described networks, the 
possible limits of frequency change are analyzed below in more detail. 

The given method of thermal compensation for frequency deviations 
is described in [1]. However, the author does not give any concrete sug- 
gestions as to the selection of network elements for thermally compensated 
oscillators and does not consider the problem of losses which are introduced 
in the network by the XR-network. 

Theoretical consideration of the compensation problem for frequency 
changes in quartz oscillators due to temperature variations is completely 
justifiable, since it will facilitate the practical matching of network ele- 
ments. 

Thermal compensation of frequency in quartz oscillators actually 
constitutes frequency control by means of reactive impedances. Therefore, 
relations which characterize controlled oscillators are also applicable to a 
thermally compensated quartz oscillator. General problems of frequency 
control in quartz oscillators, as applied to radiotelegraphy and frequency 
tuning, are considered in our own as well as foreign literature (for example 
[2]). Below we shall pause on one such general problem only insofar as 
it is necessary to establish the underlying relations in a thermally com- 
pensated quartz oscillator. 


FUNDAMENTAL RELATIONS IN A CRYSTAL CONTROLLED 
QUARTZ OSCILLATOR 


Let us consider two most widely used quartz oscillator networks: the 
network with a quartz resonator between the grid and the anode, and the 
network with a quartz resonator between the grid and the cathode. Both of 
these networks may be reduced to an equivalent network of a Hartley oscil- 
lator [3] (Figure 1). In accordance with the theory of a generalized Hart- 
ley oscillator the network frequency relations, in the steady state, are 
determined by the phase balance equation 


X, + X_ + Xz = 0, a) 
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The amplitude relations are determined 


by the amplitude balance equation 
0 d SiRy = 1, (2) 
r 4 i where S; is the transconductance for the first 
i harmonic, 

— X\X2 3 

al i Ry ntret+rs (3) 

the impedance of the oscillator control. 
nl | It is convenient to visualize the quartz 


resonator as a series connection of a reactive 
and active impedance: 


Figure 1 X= |X) 


16" (4) 


= re 
Re ie 6) 


are 
where r,, is the resistive loss of the quartz resonator, xXgq = - wCe is the 
static capacitive reactance of the quartz resonator, e = iris the given 
detuning of the quartz resonator calculated from the series resonant fre- 
quency f;,, and F is the frequency difference between the series and parallel 
resonant frequency. 

It is desirable that the formulas of frequency change, for parallel as 
well as series connection of the control reactances, should have a conven- 
ient and similar form. Therefore, for parallel connection, it is necessary 
to employ the control admittance By , and the detuning of the quartz oscil- 
lator e; and for the series connection, take Xy as the control reactance and 
7 = 1-e as the detuning ie., detuning 7 =“ is calculated from the fre- 
quency of parallel resonance fy. 

Taking into account the above, we find for the network in Figure 2a 
that the change in detuning Ae for parallel control in agreement with equa- 
tion (1) is equal to 


25 
Rete ee ee (6) 
1—eoby 
where 
x 
en, = * Uf 
iy Xz — Xco o 
is the detuning of the quartz resonator without the control admittance By, 
e is the detuning of the quartz resonator with the control admittance, is 
the peak input impedance of the oscillator with respect to points 1.1 (Figure 
2a, b), by = By |Xgo| is the given control admittance. 


For series control (Figure 2b) the change in detuning An in accord- 
ance with equation (1) is equal to 


2 
N xy 


i mise Sanat Pa 
hae 


(8) 


where 


Xo 
ee Fe 9 
me XotXg (9) 
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Figure 2 


is the quartz resonator detuning without the control reactance Xy; n is the 
detuning with the control reactance, Xy: Xy = [Xeo| is the given control 
0 


reactance. 
Accordingly, the frequency change Af for series and parallel control 


is equal: 
Af=— Far, (10) 
A f=F he. (11) 

Analyzing equations (6) and (8), we see that the oscillator control 
increases with the increase in detuning ey and 7, for parallel as well as 
series control. In this manner, in the case of parallel networks for thermal 
compensation of frequency changes it is necessary to operate with small 
oscillator input capacitances Cg; and for a series network, with large input 
capacitances Cg. The latter conclusions follow from equations (7) and (9), 
and are physically understandable. 

Connection of compensating elements is necessarily associated with 
introduction of additional losses in the oscillator network. Therefore it is 
of interest to evaluate the control impedance of the oscillator Ry. In our 
case, when the change in the reactive component of the network is perform- 
ed by changing its resistive part, such evaluation acquires a first class 
significance. Only by considering the decrease of the impedance control 
of the oscillator will permit the determination of the allowable limits of 
variation of the reactive-resistive network elements and the selection of 
their correct values. 

For the quartz oscillator networks under consideration, the total 
resistive loss r = rj + 2 + r3 (2) is determined by the impedance of quartz 
resonator branch. In this branch are included the compensating networks. 
The equivalent networks of the quartz resonator branch for parallel and 
series connection of the compensating elements are shown in Figure 2a, b 
in that order. Calculating the network for the series connection of Figure 
2b, we obtain that the loss resistance r is equal 


Xn x 12 
p= (Ray + Re) (5x ex) (12) 
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where Rny is the resistive impedance of the compensating network, Xp = 


= me is the reactance due to parasific capacitance Cy in the loop. 
Wen 


By considering equations (4), (8), and 7 = 1-e, we have 


X,+ X99 Xn= PIX 


where X is the reactance of the quartz resonator with initial detuning Noe 
By substituting X;, + Xy by X;9 and simple manipulations equation (12) 
takes the form 


(13) 


1 
= ee | ree 
r= Ej a =, 
(+ 1—tpxy m Co 
In a similar manner, we find the resistive loss for parallel control 


Ry 
x? + Gy 
« 


—— 


ee ee (14) 
1 Aap : 

ee +By+ - | 
where Gny, a are the corresponding resistive and reactive admittances of 


the compensating network, Bn = wCn is the admittance due to the parasitic 
capacitance of the loop. 


FREQUENCY CONTROL BY MEAN 
OF REACTIVE-RESISTIVE NETWORKS 


To calculate the possible frequency deviations of the quartz oscillator 
with the aid of XR-network, let us find the size of the reactive and resistive 
impedances, 


The transformation formulas from parallel to series networks are as 
follows: 


x2 
lp = R, Psa ’ (15) 
Rp + Xp 
Xx» = i x, e , (16) 
+X 
Pr. Transformation of a series net- 
* work Xgl, into a parallel network 
RgXg gives 
Rp GS —e 
2 2 
= lies, (17) 
1p - 2 
X cae (18) 
Xs 


The recalculated values ofr 
and RgXg are functions of the imped- 


ances Rp and rg for which thermistors 
with large temperature coefficients are used. It is not difficult to see that 


frequency control with the aid of a series chain L'gXg may be accomplished 
by connecting it in parallel with the quartz resonator; and with the aid of a 
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parallel chain RpXp by connecting it 
in series with the resonator. 

Let us put the expressions for 
the calculated impedances in a form 
useful for substitution in the formulas 
for frequency deviations (6), (8) and ae Rs; X; 
for the resistive loss r of the oscil- 
lator (13), (14). HOE series control: X, 


Xp 
eax eg Lt yl (19) 
is the control impedance, 
lp y 
y= Tal — 1 THF i) 
is the resistive loss, where 


af p ae Xp 
et Re (21) 


For parallel control 


few al 1 1 : 
via a ey (22) 
is the control admittance, 
— IXcol = y e 
i ape (23) 
is the loss admittance, where ve 
Xs 
Xs 


By comparing equations (19) with (20), and (22) with (23), we have 


1 
y= Xy — 


y 
st (: (26) 
y 


Figure 3 gives the dependence of Xy, by and Ty, 8y ony with Y as a 
parameter. 

Since the formulas for reactive and resistive control impedances in a 
series compensating network, and admittances in the parallel network have 
the same form, future analysis is carried out for the example of series 
control. 

It can easily be seen that the maximum loss resistance, introduced by 
the control network Rpy = ry [Xeo | , corresponds to the equality of the re- 
active impedance with the control thermistor (y= 1). The rate at change 
of the reactive control impedance, and consequently, the rate of frequency 
ON increases with increasing reactive impedance, i.e., with increasing 


Y= Xen (for the same thermistor magnitude). However with this, the loss 
fe) 


resistance Rny, introduced by the XR network also increases. 

Formula (19) was employed to calculate the curves of the frequency 
dependency on y. The calculated values for x, are substituted into formula 
(8). In Figure 4 are given the calculated as well as the experimental de- 
pendencies of the change is detuning An from the relation y, for different 
values of Y for a practical oscillator and a quartz crystal resonator: 


Cp 49 pF, Cyo=7 pF, 
F = 9150 cps, f=4 Mc. 


By=by 
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The calculated results are well substantiated by the experimental ones. 

In Figures 5, 6 are given the experimentally determined curves of 
the dependencies of the output voltage and frequency change of the oscil- 
lator with resistance Rj. These curves are given for different values of 
capacitance for or series control with a parallel XR-network. From the 
voltage change graph, it can be seen that for large y (small capacitance) 
the frequency change increases, the output voltage falls until oscillators 
cease. We shall determine the allowable value for the control reactance 
Xy from the condition of oscillator self excitation 


4 
7 
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SoRy > 1, (27) 
where Sp is the initial tranconductance. 
According to equations (2) and (13) the control impedance of the 
oscillator Ry is equal to 


hs ten 
LS ne a (28) 
[i We may | 
‘Oy Toy ) 


By substituting into (28) instead of Rny its value from (26), we 
obtain 


X\X2 (1 Beds = a y 
R= So  .. (29) 


home areeen 
1— xy 


Since y = 1 corresponds to the maximum introducable resistance Rny, 
from equation (29) and SoRy = 1 the value of the control reactance Xy, corre- 
sponding to y= 1, can easily be determined. 

With x, known corresponding to y = 1 we find from equation (19) the 
maximum allowable value for the relation 7,,,, (operation close to the point 
of interrupted oscillations). 

pre (30) 


a max 


In practice it is necessary to operate with Y smaller than 2xy. 


CHARACTERISTICS OF THERMAL COMPENSATION IN "BT" AND "AT" 
CUT CRYSTALS, EXPERIMENTAL PART 


The law of frequency change (compensated by a network in quartz 
oscillator) and its value is determined by the type and the parameters of 
the quartz resonator. We shall briefly stop on two quartz crystals AT and 
BT which are utilized at high frequencies. It is known that in the AT cut 
quartz crystals the frequency varies as the cube of temperature 
while in the BT cut crystals their relationship is parabolic. It is obvious 
that the frequency change under the influence of the compensating network 
must be in a reverse direction from the quartz temperature characteristics. 
To compare the required limits of the change in the compensating reactance 
it is convenient to employ the (TFC) temperature frequency coefficient of 
the quartz resonators o+ in the interval of temperature At. 

From the point of view of the quartz oscillator frequency control, 
another parameter of the quartz resonator has an important significance. 
This parameter is the value of the relative frequency separation for series 


and parallel resonance, equal to > Se, According to equations (10) and 
0 


(11), the frequency change produced by the connection of a reactive imped- 
ance is proportional to the interval 


eG 
Fx —— ne 
Se We 
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0 
tors [5]; ec: it is quite constant for a group of quartz resonators 
of the same construction with the same technique of slab manufacture. 
For the bulk at high frequency quartz crystals we have 


1 Ce (1000 — 2500) 10 
AT cut [2% “ 
Sy Pe) ity Se 
| «, =(04—1.2) 107° 
ae SE = (500-4 OOO 
BT cut J 2 n° Sat 
| «, =(1.2—2,0) 10 


Since the (TFC) of the BT cut resonator is greater than that of the 
Cy 


AT cut resonator at each side of the parabola, while the relation > 


0 
is smaller, it follows that if the remaining conditions are held the same it 
is more difficult to regulate the frequency of a BT cut resonator than that 
of an AT cut resonator. 

The direction of frequency change depends on the method of connecting 
the reactances and on their character. It is known that a series connection 
of inductance and a parallel connection of capacitance decreases the fre- 
quency of oscillation; while a parallel connection of inductance and a series 
connection of capacitance increases it. The foresaid takes into account 
equations (6) and (8). 

The majority of AT cut quartz crystals possess a positive TFC for 
which the frequency change by means of thermistors is simplified and the 
compensating networks are also simpler. The semiconductor thermistors 
manufactured by industry [4] have a negative TCR (Temperature Coeffi- 
cient of Resistance). With increasing resistance in a parallel LR-circuit 
the equivalent inductance increases while in an RC-circuit the equivalent 
capacitance decreases (the reverse is true in series circuits). Therefore 
for compensation of frequency change in an AT cut quartz resonator with a 
positive TFC a series connection of a parallel RC-circuit or a parallel 
connection of a series LR-circuit is necessary. 

In connection with the parabolic 
form of frequency-temperature depen- 
dence in BT cut quartz crystals, it is 

z£ hk necessary to realize a parabolic (or 
close to it) temperature characteristic 
of the frequency change of the thermis- 
tor. Such dependencies may be obtain- 
ed by one of the networks in Figure 7a, 
b. In the network of Figure 7a, resist- 
ance Re limits the action of the CR- 
network for temperatures higher than 
the temperature corresponding to the 
top of the parabola. The significance 
of resistances Re; and Re, in network 
7b is anolgous. 

An experimental check of the 
described method of thermal compen- 
Figure 7 sation was performed on a breadboard 


(———— VF, { 


to oscillator 
to oscillator 
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Figure 8 


corresponding to Figure 8. The experiments were conducted for an AT cut 
resonator with a frequency of r Mc, Cy= 7pF, F + 9150 cps. The input 
capacity of the oscillator was Cg = 49pF. The Thermocompensating elements 
were tuned for an interval of positive temperatures +20°C - +70°C and in 
the wide temperature interval -60° C - +60°C. 

In Figure 9 are shown the temperature frequency dependencies for a 
non-compensated and a thermally compensated oscillator in the temperature 
interval +20°C - +70°C; in Figure 10 the same is shown for a temperature 
interval -60°C - +60°C. 


1-Thermally uncompensated quartz 
2Thermally compensated quartz . 
isis a 


1-Thermally uncompensated quartz J 
Thermally compensated quartz 


Introduction of thermal compensation increases the frequency sta- 
bility; temperature instability in the interval +20° C - +70° C did not sur- 
pass 2.5-10-§, as compared to 30-10~® in anon-compensated oscillator. 
Instability in the interval -60° C - +60°C did not surpass 7-107 ° without 
thermal compensation. 

The output voltage in the temperature interval -60°C - +60° C varies 
from 16 to 7 volts. 


Original article submitted February 16, 1960 
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INVESTIGATION OF THE EFFECT 
OF PHASE DISTORTION 
ON INSTANTANEOUS SIGNAL VALUE 


IN A RADIO TRANSMISSION CHANNEL 


A.A. Glukhov 


In this article are given the results of an experimental investigation 
of the effect of phase distortion instantaneous signal value in a radio trans- 
mission channel, utilizing an unloaded cable as a junction between the 
transmission stations. 


INTRODUCTION 


Well known automatic control setups (ACS) in transmitting systems 
permit control (within averaged values) of the transfer coefficient, the 
noise level, and isolated points of the frequency characteristic, by a com- 
parison of the rectified input and output signals. However, the setup, 
working on the principle of deviation comparison, does not permit the 
direct control of nonlinear distortions. Since nonlinear distortions are an 
important factor in determining the quality of transmission, it would be 
important to develop an instantaneous signal value comparator which would 
permit the control of nonlinear distortions in the system. However, it is 
known that in channels containing lone circuit lines (to which belong the 
overwhelming majority of transmitting channels), there are phase distor- 
tions which can change the shape of a complex signal at the output as com- 
pared to the shape of the input signal. 

As far as we know, there is no data containing information on the 
character of distortions of concrete transmission signals caused by phase 
distortions. The following article presents the result of an experimental 


investigation of this problem. 


EXPERIMENTAL PATH 


The examination of the effect of phase distortion on the instantaneous 
complex signal values was carried out on an experimental path whose param- 
eters are characteristic of most cable transmissio channels. Its block 
diagram is shown in Figure 1. 

High quality linear amplifiers (LA,, LA», LA;) were selected with 
identical parameters; the frequency characteristic in the range of 30 ~ 15000 
eps had a variation of +0.5 db. At Ucu = 3.1 v, used for conducting the 
experiment, and at the rated load, their coefficient of nonlinear distortion 
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Lines 


Figure 1 


does not exceed 0.5% in the entire frequency range. The phase character- 
istic typical of all three amplifiers was obtained experimentally and is 
shown in Figure 2, 
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9100400 800 1400 2000 3000 4000 5000 6000 7000 8000 9000 10000 
-¥° 200 600 1000 f> "cps 


Figure 2 


The unloaded cable lines (Lj, Ly) had a conductor diameter of 0.9 
and 0.5 mm. Since it was possible to vary the length of the cable lines, 
three experimental sections were formed: two homogeneous with length 
Lo .9 = 15 km and Lp .y = 30 km, and one nonhomogeneous with an over-all 
length of 30 km (Lp,9 = 15 km and Lo.5 = 15 km). The experimentally 
obtained phase and frequency characteristics of the homogeneous route are 
shown in Figures 3 and 4, where curve 1 corresponds to the 15 km route, 
and curve II to the 30 km route. 

The frequency correction networks (KK;, KK») have a series imped- 
ance. To achieve symmetry of the experimental path a type EST-1 trans- 
former was connected at the input of each frequency-correction network. 
Experiment has shown, that in the frequency band of 50 to 15000 cps these 
transformers do not practically introduce any phase distortions. 

In order to match the input and output path impedance (600 ohms) 
with the input impedance (3 ohms) of the circuit oscilloscope as well as to 
obtain the necessary current amplitudes (25-30 ma), matching arrange- 
ments were set up: a cathode follower CF and a high quality low frequency 
step-down transformer T;. With this arrangement, a linear amplitude 
characteristic of the path was assured in the required frequency range. 


Experiment showed that these arrangements do not introduce phase distor- 
tions. 
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Figure 3 


The signals under consideration were recorded on standard film with 
the aid of two identical oscilloscopes MPO-2 circuits with a natural fre- 
quency of 10 kc. The speed of the film was 1000 mm/sec. 


Figure 4 


The coefficient of linear distortion does not exceed 1% in the entire 
range of the generated frequencies (50 - 10,000 cps). The noise level is 
under -60 db. 

Since according to Figure 3, the phase distortions largely take place 
in the frequency range of 50-600 cps, portions of the transmission programs 
under consideration were selected with components of the above frequency 
in their spectra. On the other hand, analysis of signals which do not con- 
tain low frequency components in their spectra is of definite interest in the 
design of automatic control setups. After consideration of the desired 
spectra for the transmission program [1] , portions of instrumental music 
(symphonic orchestra, violin, piano, organ), as well as vocal music and 
speech, both male and female were selected. 


Method of analysis. The range was adjusted in such a manner that 
with a frequency of 1000 eps, the amplitudes of the currents in circuits I 
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and II (Figure 1) were equal and their initial phase coincided. The program 
was fed from a magnetic sound recorder MEZ-15. To facilitate analysis 
with the oscilloscope (for each given path condition), the starting time for 
the recording of each program portion was made coincident. 


RESULTS OF THE ANALYSIS 


As is known from [2], the path phase distortions will be absent if the 
following condition is fulfilled: 


2=2K7 + 02, (1) 


where a is the phase coefficient; k = 0.1, 2, 3, ..., T is a certain constant, 
and w is the angular frequency. 

From inspection of phase characteristics in Figure 3, it can be seen 
that they do not satisfy condition (1) in the frequency range from 50 to 
10,000 cps. Since the corrective elements introduce only insignificant 
phase distortions, it has been established that the above discrepancies are 
mainly introduced by lines Ly and Ly. This can be seen in the phase char- 
acteristics illustrated in Figure 5 (obtained as a result of measurements of 
different types of amplification setups with the aid of an interference method 
EID. Curve I is the phase characteristic of an ordinary corrective ampli- 
fier. Curve II is the amplifier phase characteristic in the central amplify- 
ing station (CAS) of the Moscow city radio relay net (MCRN), and curve II 
is the phase characteristic of the SAS, 25 kw amplifier. 

Experiments show that the degree of the effect of path frequency cor- 
rection upon it phase characteristic becomes more apparent on the edges of 
the transmitted frequency range, and more so in the range of 50 - 600 cps. 
In spite of the absence of frequency distortions in this range, a complete 
disappearance of the phase distortions is not observed. This is because 
with nonminimal path phase characteristics (which can be assumed for the 
path under consideration), the conditions for the absence of amplitude-fre- 


quency and phase distortions cannot be simultaneously satisfied at the end 
of the frequency band. 
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The effect of phase distortions on the signal form of the selected pro- 
grams becomes more apparent in the musical portions of the symphonic 
orchestra and the piano. The value of the ratio |Al (expressed in db) of 
the peak signal values obtained at the input and output of the experimental 
route for portions of speech and symphonic music is given in Table 1. From 
this it can be seen that for the cases under consideration, the absolute value 
of ratio |A| may change considerably. 


The intensity oscillogram in Figure 6a represents the portion of 
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symphonic music during its path transmission (length Lo.9 = 30 km but 
maintaining approximately the same frequency distortions for the indicated 
portion of the program, the measured value of |A| increases up to 7.0 v 8 db 
This may be observed for the same markings 10, 12 in Figure 6b. In Fig- 
ures 6a and b, as well as in the remaining figures, the upper oscillograms 
represent the input signal, and the lower, the output signals, The time 


axis goes through point 0. 
for homogeneous route |} fo; inhomogeneous 
of length 


Sampling 30k 
Sample time ie oe 
(sec) Lo.9= 15 km Lo oa 30 km 


Speech 
eee Se) ds ar 
Symphonic 
SE ee 


The data in the last column of Table 1 corresponds to the case where 
the 30 km route is nonhomogenous. Its frequency characteristic in the 
range of 50 - 4000 cps has a variation of +1.3 db to -6.4 db, and a contin- 
uous fall of 10 db at a frequency of 6000 cps. Here, the deviation in the 
peak value of the signals due to phase distortion is even more apparent. 

In addition, a delay of up to 1.5 - 1.7 jtsec. of the peak signal value was 
observed on the oscillograms. These delays do not exceed 0.1 - 0.3 Usec. 
for homogenous routes. 


Table 1 


Magnitude of |A|, db 


Figure 6 
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For engineering calculations of the control systems operating on the 
principle of instantaneous signal value comparison, the value of |A| and its 
frequency must be known for different radio transmission signals; since 
these quantities determine the selection of the time constants for the inter- 
gating networks in ACS. Certain statistical data on the deviation of the two 
musical performances (symphonic orchestra and piano) are given in Table 
2. 


Table 2 


Frequency and magnitude of the deviation of the peak 
value or the signal voltage (U) at output of the line 
9 = 30 km) from the peak value at the input 


Range: 0.05U - 0.5U 


Sampling time 
measurements 


(sec) 
Number of 


requency deviation, % 
AUS al) a 


2 8. [14.0 | 766.4 Ze2e|e4zoulales 


From a consideration of Table 2, it follows that the greatest number 
of distortions of the instantaneous signal values attributable to phase dis- 
tortion is observed in the range from 0.5 U to U (for a symphonic orchestra, 
out of 64% of all distortion cases, included in this interval the phase distor- 
tion constituted about 43%; and for the piano, out of 79% of all cases, phase 
distortion constituted about 60%). Thus, distortions with a value of bA! = 
= 4 to 6 db and!/Al! = 6 to 8 db are encountered extending over large time 
intervals; the duration of a single distortion did not exceed 1 to 10 Usec. 

The deviation of 2 to 4 db for the given program intervals should be con- 
sidered as fundamental. 

In Figure 7 are given the most typical phase characteristics of certain 
operating radio transmission channels of MCRN. Curve I is for the path of 
the supporting amplifier station (SAS) with intermediate frequency corrective 
elements in the programing and control circuits. Curves II and III corre- 
spond to the paths in which the correctors of frequency characteristics are 
connected at the input of SAS and the station amplifying unit SAU corre- 
spondingly at the input of CAS. Curve IV corresponds to the route for the 
transformer substation TS. Certain technical characteristics of the above 
channels are given in Table 3. 

Upon inspecting the curves in Figure 7, we see that, in frequency 
range from 600 to 10, 000 cps, the phase characteristics of real channels 
have approximately a linear dependence upon frequency; with small devia- 
tions in the range of 8 to 10 ke. In practice, these deviations need not be 
considered, since in this frequency range the signal power level is extreme- 
ly small. In the low-frequency range (50 to 600 cps), where a large part of 
the signal power is concentrated, considerable phase distortion is inherent 
in real as well as experimental channels. 
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It is of definite interest to find out how much the peak signal values 
will change at the output of the control channel, if a low frequency band in 
which phase distortions occur is cut out at its input. Experiment showed 
that on elimination of low frequencies up to 200 cps from the signal spectrum 
of symphonic music, with the aid of a filter in which the downgrade slope 
of the frequency characteristic is at least 22 db per octave, and in the ab- 
sence of other distortions, no distinction can be observed between the in- 
put and output peak signal values. For the remaining selected transmission 
band, the difference does not exceed 0.5 - 1 db. On increasing the cutoff 
frequency of the filter up to 400 cps, the quantity|A!is practically equal to 
zero for all portions selected for transmission. Supporting this statement 
are the oscillograms of the intensity corresponding to the same transmission 


Table 3 


Amplifier Length, km Vi a ee Corre- 
cable-linked line high-voltage q M sponding 


CAS (SAS, SAV, TS)] 1; teristic in the ; 
GAS {core aiiicier bimetal feeder 60 - 10, 000- curve in 


-o mm) 
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portion of the symphonic orchestra for the following conditions of the con- 
trol channel Lo.9 = 15 km in length: 

a) Figure 8a corresponds to the broadcast signal in the 50 - 10, 000 
eps frequency range and an +0.4 - 1.0 db variation of the frequency charac- 
teristics. 

b) Figure 8b corresponds to the case where the input frequency is cut- 
off up to 200 cps. 

The peak signal values in Figure 8a, as for example at markings 27 
and 30, differ by 4.5 - 6 db. On the other hand it can be easily seen that no 
phase distortions are present in Figure 8b. 

The phase distortions in the control channel, Lg 9 = 30 km in length, 
with subsequent connections of the above-mentioned filters are given in 
Figure 3 (Curves II and IV). 


Figure 8 


In Figures 3 and 7 the displacement of phase characteristics on the 


axis of ordinates is dependent on the phase displacement of the balancing 
transformers. 


CONCLUSIONS 


. deg Due to considerable signal distortion, automatic control with the 
aid of an instantaneous signal value comparator in the frequency range of 
a - eS 000 cps cannot be realized without thorough phase correction of the 
channel, 

2e the control channel may be utilized as an instantaneous signal 
value comparator if its bandpass is cut off below 400 cps, since the phase 
sae AE thus have little effect upon the signal form. However such con- 

rol is only useful for the transfer coefficient and noise level i 
useful for nonlinear distortions. °c Aaaeiaae 


3. Conclusions applicable to cable transmission may be extended to 
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a radio broadcasting channel, since the connecting cable to the modulator 
is analogous to the cable transmission path. 

I consider it my duty to express deep gratitude to Professor I.E. 
Goron for his valuable suggestions. 


Original article submitted July 1, 1960 
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QUANTUM PARAMAGNETIC AMPLIFIERS 
OF ULTRAHIGH FREQUENCIES 


PART Il 


V.B. Shteinshleiger 


RESONATING PARAMAGNETIC QUANTUM AMPLIFIER 


The physical operating principles of quantum paramagnetic amplifiers 
are analyzed in part I of this work. Below are considered different types 
of such amplifiers, and the noise interrelations within them. ; 

The elementary resonator, in which the paramagnetic crystal is 
placed, is tuned to the frequency of the signal as well as to the brightening 
frequency in order to obtain intense brightening. The paramagnetic crystal 
is placed in the resonator in such a place where the magnetic field of the 
signal and the bias lighting or pump frequency have sufficient intensity. The 
main scheme of the paramagnetic amplifier resonator is illustrated in Fig- 
ure la. Here the signal frequency resonator is formed by the deformed 
quarter wave length coaxial line, called the strip line, in which the inner 


ipart I. See Part I in Telecommunications No. 12, 1960. References 
to formulas and drawings of Part I are marked by Roman i, 


43 


conductor is comprised of line 1, and the outer conductor of waveguide 2. 
The paramagnetic crystal is placed in contact with wall 4 where the bunch- 
ing of the magnetic field and of the bias lighting are encountered. The 
magnetic lines of force encounter the strip line and have their greatest 
intensity at the wall 4. A picture of the magnetic lines of force is illustrated 
in Figure 1b. Connection with the outside line is realized by means of loop 5. 
The bias lighting resonator is formed by the cut section of the rectangular 
waveguide, in which the main waveguide oscillation of type Hio is formed. 
Communication at the frequency of the bias lighting is conveniently rea- 
lized with the aid of openings, if the intensity of the bias lighting is sup- 
plied by the waveguide; or by means of a pin or hinge of the brightening 
route if by means of a coaxial cable. In Figure 1a contact is realized by 
means of the opening within the end wall. Tuning of the resonator to the 
bias lighting frequency may be realized by changing the position of this 
wall; with this, the waveguide section between the wall and end of strip 1 
constitutes the limit of the signal frequency, which is considerably lower 
than the frequency of the lighting bias. Consequently, the wall position 
does not affect the tuning of the resonator to the frequency of the signal. 


coupling 
loop 


The equivalent network of the resonator for the frequency of the sig- 
nal is illustrated in Figure 2. The active element — paramagnetic — is 
represented as a negative resistance — ry; this resistance compensates 
not only the resonator self loss resis- 
tance ro, but what is more important, 
the resistance r,, which is introduced 
into the resonator from the line, and 


% 
is connected with loading. The inten- 
a) sity of radiation from the paramagnetic 
crystal besides compensating the resona- 


tor self losses, radiates energy into 
the outside line. Such an amplifier is 
regenerative. 

Analogous to the manner in which 
the energy losses within the resonator 
are characterized by self decrement 
dy — determined from the known for- 
mula 


“Um 
% = Um 


b) Tn 
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(where P is the loss intensity and E is the stored energy within the resona- 
tor), the effectiveness of the paramagnetic substance, which radiates 


energy, may be characterized by a certain negative decrement — "magnetic 
decrement" — dm 
P; 
d — 1Irt ¢ 
me? (2) 


where P;,, - is the intensity of radiation from the paramagnetic crystal. 
By utilizing formulas (8) I, (9) I, and (2) we may obtain 


d, =a Ak, (3) 


here a is proportionality multiplier, which contains the constants of the 
substance and which depends on the operating region. 

£ is the coefficient of "saturation" which is equal to the ratio of the 
stored magnetic energy within the paramagnetic crystal, to the magnetic 
energy stored within the resonator which is tuned to the frequency of the 
signal .2 With complete ''saturation" of the resonator the quantity € is 
equal to unity. 
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Figure 3 


As we see, the effectiveness of the magnetic substance increases as 
its absolute temperature T decreases. This circumstance is mainly re- 
sponsible for the use of liquid helium within paramagnetic amplifiers. Use 
of high bias lighting frequency, as may be seen from formula (3), also 


2& also depends on the field orientation which is not indicated here 
for simplicity. More correctly this quantity could be calied the coefficient 
of resonator magnetic field utilization. 
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increases the amplification factor. The amplifier resonator may be con- 
nected as a dipole or as a quadrupole. In scheme one the amplified and 
the source wave are transmitted along the same line. A ferric circulator 
(Figure 3) is employed for the separation of these two waves. The output 
signal from antenna 1 is applied through the ferric circulator 2 and line 5 
to the amplifier resonator 3, into which oscillations from the bias oscil- 
lator 4 are applied simultaneously. The amplified resonator wave is sent 
along the same line 5 to receiver 6. In order to overcome self oscillations, 
when the receiver is poorly matched to the antenna, the power which is 
reflected from the receiver is absorbed by the matched load in load 7. The 
ferric circulator, also performs another important function by directing 
the noise, radiated by the receiver input, to the absorbing load; and thus 
prevents penetration of noise into the amplifier. In case of absence of 
such a non-mutual element, the noise characteristics of the amplifier would 
sharply decrease in quality. 

If the resonator self losses are neglected (i.e., assuming dy K dy), 
the equivalent network in Figure 2 is utilized, it is not difficult to obtain 
the following relations for the amplifier amplitude amplification factor in 
the case of resonance. 


om fete y 


here d,, is the decrement introduced by the resonator lines. With strong 


d 
™ is near unity and 


regeneration, when the regeneration parameter f = 


din 
G> 1, we obtain 
Gas. (5) 
(= 8) 2 
The bandpass of the amplifier Af is determined by formula 
Af = (din — Fn) fe (6) 
From formulas (5) and (6) we obtain 
\/ Gaf = 2d, f. (7) 


The effectiveness of the resonator amplifiers is commonly character- 
ized by the product of the quantities VG Af. In the amplifiers covered by 
literature [1], this product has a magnitude of an order of 50 Mc in the 
centimeter wavelength range; with a 20 db amplification this corresponds 
to ~5 Mc band. We note, that by connecting the resonator in a quadrupole 
scheme, the quantity of the product VG Af is cut in half, as compared to 
the described scheme. This is explained by the fact, that in this case, the 
radiation from the paramagnetic crystal, is not only consumed by the load 
but is also consumed in the output impedance of the signal source. 

As has already been indicated, the quantum paramagnetic amplifier 
necessitates the use of liquid helium (temperature 4.2° K, and lower). 
Recently, the quantum amplifier effect was obtained with a 3 cm wavelength 
using the temperature of liquid nitrogen (77° K) [2] . With this, the value 
of the product VG Af was about 14 Mc. 

A practical paramagnetic amplifier of the resonator type is accomp- 
lished in the following manner: the resonator together with the feedlines, 
which we constructed from stainless steel of white copper in order to re- 
duce thermal conductivity, is placed in a specially constructed vessel — a 
cryostat — which contains liquid helium. The cryostat constitutes a Dewar 
vessel with liquid helium, which is placed, in order to minimize the helium 
evaporation, into a second vessel analogous to the first and filled with liquid 
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nitrogen. In recently developed amplifiers [ids metallic cryostats are 
employed, which constitute the connection of two metallic Dewar vessels 

in a single structure. In such cryostats the liquid helium may remain for 
days — even weeks — without additional filling. The lower end of the cryo- 
stat, where the resonator is located, is placed between the poles of an 
electromagnet or a permanent magnet. 

Recently, constructions in which the magnet is located within the 
cryostat and is submerged in the liquid helium [3], (or nitrogen [2]), have 
appeared. Due to this, the gap of the magnet decreases and its weight 
sharply diminishes. 


QUANTUM PARAMAGNETIC AMPLIFIER OF WAVEGUIDE TYPE 
(Traveling Wave Amplifier) 


The resonator type amplifiers possess a number of disadvantages 
which are due to the regenerative character of amplification within them. 
The main disadvantage lies in the fact that the bandwidth is considerably 
narrower than the resonance bandwidth of the paramagnetic substance 
(the latter has a magnitude of an order of 100 Mc). Further, the amplifica- 
tion coefficient, for large degree of regeneration, is quite sensitive to 
small magnetic changes or to changes of the introduced decrement. By 
employing an amplification scheme with several resonators [4], connected 
between each other or separated by ferric circulators, the bandwidth and 
stability of amplification may be increased. However, in this case, a 
quantum waveguide type amplifier (a traveling wave amplifier) is the most 
effective. 

In such an amplifier the paramagnetic substance is spread along the 
length of the waveguide through which the signal is transmitted. The signal 
increases along the path due to the radiation of the paramagnetic substance. 
However, calculations point out that with existing effectiveness of the para- 
magnetic substances a practically unattainable length of the waveguide am- 
plifier is necessary. 

In connection with the above, in the arrangements employed, wave- 

- guide delay systems, in which the wave is considerably delayed with group 
velocity, are employed. This permits the accomplishement of the same 
effect with a correspondingly smaller physical length of the waveguide. 

The intensity APj;,; of paramagnetic substance radiation in the line 
section Al of such a system, will be (from formula 2) 

AP; — 22da f EA; (8) 
where E is the energy per unit length of the system. 

The intensity of the wave propagating along the waveguide, 

P=Ewv, (9) 
where vg is the group velocity. ea 

From (8) and (9) we find that the intensity amplification G along 
length / is equal to 

ond fl 
Geer oo (10) 


From which it is clear that by reducing the group ve pote the same 
amplification may be achieved with a smaller system length . _Here the 
bandpass is determined by the dependence of quantity d,, upon frequency, 
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i.e., in the end calculation by the bandwidth Afg of the paramagnetic resona- 
tor. The expression for the bandpass of a traveling wave amplifier? may 
easily be obtained from formula (10): 


stm a. (11) 


where Ggp is the coefficient of amplification in the center of the band and is 
expressed in db. 

Here the quantity Af is obtained of a greater order than in a resonator- 
type amplifier: several tens of Mc instead of several Mc. Also a greater 
amplification stability is obtained. 

A crest type delay system, employed in the traveling wave paramag- 
netic amplifier 5], is illustrated in Figure 4a. A picture of the magnetic 
lines of force in such a system is shown in Figure 4b. The input and output 
of the given delay system are connected to coaxial cables. 
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Figure 4a 


The oscillations of the bias lighting frequency propagated along 
the waveguide, which surrounds the crest, are in the main wave form Hijo 
of this waveguide, upon which the crest does not exert appreciable effect. 
In order to prevent regeneration of the amplifier due to reflection 
from the system ends, the non-mutual properties of ferrites or of the 


It is assumed that the shape of the paramagnetic resonance curve 
has the shape of the resonance contour, 
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paramagnetic substance itself are utilized. These properties become ap- 
parent with the varied action of such substances upon waves with opposite 
direction of rotation of angular polarization. 

In the traveling wave amplifier shown, this is realized in the follow- 
ing manner: the paramagnetic ruby crystal, (in the form of a rectangular 
bar) designed for the amplification of a directly incident wave, is placed 
at one end of the crest (for example on top, as shown in Figure 4b). This 
crystal has a normal concentration of chrome ions ("pink ruby"') and there- 
fore with the given intensity of the oscillator bias lighting frequency the 
transition at the brightening frequency is saturated. A second paramag- 
netic crystal of analogous configuration, with a higher concentration of 
chrome ions ("red ruby'), is placed at the opposite side of the crest, where 
the wave, propagating in the forward direction has an opposite direction of 
rotation of polarization (see arrows in Figure 4b). As a consequences of 
the direction of polarization rotation, the mutual interaction of such a wave 
with the "red ruby" will be weak. Approximation to this may be understood 
by utilizing the classical model for a paramagnetic amplifier described in 
the first part of this work (Figure 4-1). An analogous effect is widely 
employed at ultra-high frequencies in ferrite units. 

By the same token, the reflected wave intensity, having an opposite 
direction of rotation of polarization with respect to the incident wave, will 
slightly interact with the first ruby ("pink ruby") and strongly interact with 
the second ruby (''red ruby’). However, the latter will not increase the 
intensity of the reflected wave, but will absorb it. This is explained by the 
increased concentration of chrome ions (and in connection with this a small 
relaxation time). Consequently, the ''red ruby" will not saturate with tran- 
sition of bias lighting. In this ruby no change in the "population sign" of the 
signal transition will take place, which corresponds to absorption of the re- 
flected wave. An analogous effect may be attained by substituting in place 
of the "red ruby" a special ferrite [6]. 

It is important to point out that since the non-mutual element is con- 
tained within the amplifier, no outside ferrite arrangements are necessary. 
This permits complete realization of an exceptionally low noise level which 
is inherent in quantum paramagnetic amplifiers (see below). 

In the quantum traveling wave amplifier described in literature [5] an 
amplification of ~23 db is obtained with waves of ~5-6 cm and with a band 
of ~25 Mc (for noise see below). 


NOISE IN QUANTUM AMPLIFIERS 


The noise properties of low noise generating amplifiers is conveniently 
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characterized by the so-called noise temperature Ty. This quantity, by 
computation, is numerically equal to the absolute temperature of the equiv- 
alent antenna circuit, connection of which to the input of the amplifier 
would lead to a double increase of noise strength at its output as compared 
to the case of zero absolute temperature of the equivalent circuit. 

The quantity T, is connected with the commonly employed character- 
istics of the noise coefficient F, and relation Ty = (F - 1) Ty; where Ty is 
the standard absolute temperature equal to 290° K, 

Noise sources in quantum amplifiers are primarily the spontaneous 
radiations of thé particles, found at the highest of the two energy levels, 
which form the quantum transition at the frequency of the signal; and, also, 
the temperature radiation of the amplifier elements which absorb the energy. 
We shall consider the noise in quantum waveguide type amplifiers. 

The increment AP, of the spectral noise density Py, at the signal 
frequency f,, for the element of length A/ of the amplifier is noted as 


AP, =aP,,Al—a,P,, Al + a, P,Al + Bn,Al. (12) 


Here the first term characterizes the noise amplification in the ele- 
ment Al, and 


a= A(n; — n,) (13) 


is the experimental index of amplification; n3 and np corresponds to the 
number of particles per unit length of the system, found at levels (3) and 
(2), and forming the quantum transition of the signal; A is a proportionality 
constant. 

The second term in formula (12) corresponds to noise decrease due 
to temperature losses in the amplifier energy consuming elements (for 
example the walls of the waveguide); ag is the equivalent index of damping. 
The third term determines the noise, due to temperature radiation of these 
elements, found at absolute temperature T (black body radiation); with 


this P is the spectral density of such radiation? and equal to An Vee 


exp (a) —1 
which with hf, « kT yields Pp =kT. 
Finally, the last term in formula (12) yields the noise of spontaneous 
radiation; B is a proportionality constant. 
The proportionality constants A and B are related by 


B=hfA. (14) 
(This may be proved through formula (12) by considering the case of 
thermodynamic equilibrium for which the ration—3 is determined by the Boltz- 
2 
mann distribution (3) I, and the quantity AP,, is equal to zero). 
By integrating the relation (12) and noting that the quantity exp (z — a,)t 
is the amplifier gain coefficient G, which we shall consider much greater 


than unity, the following formula may be obtained for the temperature noise 
Ty (assuming that hfg « kT): 


Tag Pes Bie a? Soa een g (15) 


K (a3 — Noe) a — ag a— 2, 


4See [7] . In the subsequent equations k is the Boltzmann constant. 
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In this formula the first term is related to the spontaneous radiation 
(spontaneous noise), and the second term to the temperature radiation of 
ie rl absorbing elements of the amplifier found at absolute tempera- 

TRE) de 
By analogy with the case of thermal equilibrium, 


Af, 


tying =e “eff (16) 

Since in the operating amplifier n; > no, the quantity Tere, called the 
effective temperature of signal transition, is negative. Assuming hf¢ < 
1k IT ogel; formula (15) may be written in the following manner: 


TaN lee oT (17) 
2 Sure 
By assuming ag K a, we may consider that the amplifier generates 
noise in such a manner as if the equivalent negative resistance introduced 
by the active particle system was found at temperature Tor. 
We shall evaluate this quantity for a tri-level quantum amplifier. 
By utilizing Equation (7) I, we may obtain 


Deel © fe (18) 


=the 
(the formula is written by assuming equal relaxation probabilities between 
all transitions). 

The quantum amplifier operates at the temperature of liquid helium, 
i.e., the quantity T is composed of an integral number of Kelvin degrees. 
Therefore, in the radio frequency range the thermal noise Ty of the am- 
plifier itself does not exceed several units of Kelvin temperature, i.e., is 
negligibly small. 

In an analogous manner we may obtain the formula for the thermal 
noise of a resonator amplifier. This may be more simple done if a tem- 
perature Toff is assigned to rm in scheme of Figure 2, For the above 
given condition of this scheme it is not difficult to obtain a formula analog- 
* ous to (17); the self decrement dy and the magnetic decrement dm should 
be substituted in place of quantities ag and @ correspondingly .® 

If the coefficient of losses of the elements before the amplifier is L 
(the ratio of the input to the output intensities), then the complete noise 
temperature of the amplifier together with its input rank may be calculated 
from the formula 

T, =(L—1)T,+ LT: (19) 


With L = 1.07 (losses ~0.3 db) the additional noise temperature due 
to input losses will constitute ~20° K, which is considerably greater than 
the inherent noise temperature of the amplifier T,. 

In the described traveling wave quantum amplifier [5 | a noise tempera- 
ture of ~20° K was obtained; the main part of this noise is due to losses in 
the input line of the amplifier and, theoretically, be further reduced. 

The total noise temperature T'y of a receiver with a quantum amplifier 


at the input is determined by formula 


5For this derivation it is assumed that G > 1. 


bil 


ip ¢ 
T, = (Ly —1)T) +L, ( ‘hyde (20) 


where Tyr is the noise temperature of the receiver, connected after the 
quantum amplifier; Gis the gain coefficient (strength) of the quantum 
amplifier; Lg is the coefficient of losses in the waveguide, inherent to the 
quantum amplifier. 

For complete characteristics of the entire receiver system including 
the antenna, to the quantity T'y (given by equation 20) it is necessary to 
add the quantity (temperature) which characterizes the noise received by 
the antenna from the outside. These may include noise due to cosmic 
sources, noise due to atmospheric conditions, and finally noise radiated by 
the earth and "cached" by the side lobes of the antenna. It is customary to 
characterize the antenna noise by the effective noise temperature of the 
antenna Ta. In Figure 5, is given magnitude dependence of Ty, (which 
takes into account the first two of the mentioned noise sources) upon fre- 
quency for different angles of elevation ¢ of the antenna beam above the 
horizon. 

With a wavelength. longer than 30 cm the main source of antenna 
noise is cosmic radiation (Figure 5). With wavelengths shorter than 3 cm, 
the atmospheric absorption begin to play an important part. Therefore, 
the region between these two wavelengths is known as the ''cosmic window". 

From the above, it follows that for complete realization of the pos- 
sibilities of noise reduction it is necessary to subdue noises due to the 
antenna and the antenna route. 
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oe In the receiver system [6], in which a traveling wave quantum am- 
plifier with a wavelength ~5-6 cm and a specially constructed antenna (with 
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exceptionally small lobes of — 70 db in the earth direction) were employed, 
a complete noise temperature of the entire receiver system (antenna plus 
receiver) was obtained. This was 18° to 20° K with the zenith direction 
of the antenna, and less than 30° K with a 12° angle of elevation. With 
this, the route losses which included the rotating stage yielded 3.5° K 
noise and the noise of the quantum amplifier did not exceed 10° K. With 
the given amplification factor of the quantum amplifier greater than 35 db, 
we may disregard the temperature noise in the receiver following it. 

The gain in sensitivity from the use of quantum amplifier is approxi- 
mately 100 times. In the future it is expected to reduce the total noise 
temperature of the system to 10° K, for the zenith direction of the antenna. 


CONC LUSION 


Quantum paramagnetic amplifiers permit a sharp increase in the 
sensitivity of the receiver systems andachieve practical limits which are 
restricted only by the noise external to the receiver. 

In recent times the quantum paramagnetic amplifiers have found ap- 
plication in practical systems — in radio telescopes [1], in long range 
communication systems [6] and others. Hand in hand with this, work is 
continued toward further development of these amplifiers in connection 
with portable systems [10] . Progress in this direction will yield a sub- 
stantial solution in the field of quantum paramagnetic amplifier application. 

It should be pointed out that the shortening of the wavelength, which 
constitutes greater difficulties in other types of amplifiers (in electrical 
setups and parametric semiconductor amplifiers) is not difficult in maser 
amplifiers. In recent time quantum amplifiers have appeared which operate 
in the millimeter wavelength, and under development are amplifiers in the 
sub-millimeter range, as well as in the infrared and visual range [3]. 

Presently, intensive development is devoted to low noise generating 
amplifiers of ultra high frequencies. Without doubt, in this new field of 
radiophysics, and mainly in the field of maser amplifiers there will appear 
new important results. 


Original article submitted June 30, 1960 
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HIGH-FREQUENCY TELEPHONE 
COMMUNICATIONS 
WITH SEMICONDUCTOR TRIODES 


K.P. Egorov and I.V. Sukhodoev 


Presented are the fundamental principals for building a three-channel 
system of high frequency telephoning of type K-3, which system is intended 
to tighten the intraregional communication lines. Individual semiconductor 
junctions of the apparatus are described, and a concise basis is given for 
the decisions undertaken. 

At the present time, in low frequency broadcasting and communication 
networks, a single paired cable of type NPBNM-1, 2, composed of a pair 
of copper conductors with a diameter of 1.2 mm with a polychloric insulator, 
is commonly employed. The distance of communication on such a cable 
with tuned telephoning without amplifiers, does not exceed 13-16 km. 

Connections utilizing audio frequency with cable NPBNM-1, .2 do not 
give satisfactory solutions to problems of intraregional connection because 
of the inadequate number of channels as weil, as their low quality. 

In the intraregional communication networks, connections of 50 km 
and, in a number of cases up to 100 km in length, can be found. In one 
direction it is desirable to have at least two channels suitable to be used as 
an end section-link of complicated between-city connections, insuring the 
transmission of speech signal in the frequency band of 300 to 3, 400 eps. 

The solution, insuring the development of intraregional connections 
via cables of simple construction, is the use of high-frequency telephone 
communication methods. 

Toward this goal, development of apparatus for tri-channel system of 
the low frequency cable communication of the type K-3, has been realized. 

System K-3 is actually composed of two independent systems: the 
single-channel system (channel 1/3) and the two channel group system 
(channels 2/3 and 3/3). Both systems can work simultaneously on the 
same NPBNM-1, 2 cable, and their spacing of transmission is established 
at the same points. The maximum length of the repeater section in this 
case is 16.5 km, which corresponds to a line attenuation b = 4.5 nepers 
at the highest frequency of the linear range. 

The longest span of connection on any of three channels during re- 
reception at low frequency across 50 km, may reach 100 km. 
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Channels 2/3 and 3/3,: which constitute the fundamental two-channel 
system, are designed for a band of 300-3400 cps, characteristics of channel 
1/3 permit the transmission of the spectrum of frequencies 300-3700 cps. 

The basis of selection for the transmission range and network con- 
struction of the two channel system is the decision to use in this system 
receiver-transmitters and the signal channel of the newly developed 30- 
channel apparatus KPP ar assigned for the condensation of junction lines 
between ATC and suburban network lines. 

Modulation in a receiver-transmitter is realized by the phase-differ- 
ence method. Phase relations in the audiofrequency networks and the feed- 
ing networks are determined by calculating the transmission of the upper 
side-bands into the circuit line and the attenuation of the lower bands (not 
smaller than 3 nepers [2]). 

In the apparatus KPP for a one-side action channel, a frequency band 
of 8 Ke is formed; in system K-3, with a sharp slope rise in line attenuation 
with increase in frequency, a band half that size is designated for one chan- 
nel. Such a switch in general is impossible; however it is permissible in a 
particular case by the use of a group from two adjacent channels. With 
this, one of the two receiver-transmitters retains transmission of the upper 
sideband, while in the other a switch to transmission on a lower sideband is 
performed. In order to realize such a switch, it is sufficient to switch the 
circuits in one of the network branches of the phase-difference modulation. 

A group of two channels permits the construction of a two-channel 
system with intervals of 4 Ke per channel. 

For cable operation it is necessary to translate this group from com- 
paratively high frequency range (328.3 - 335.7 Kc) to a lower frequency 
range (8.3 - 26.3 Kc), suitable for transmission via a cable of the type 
NPBNM. 

Thus, it is necessary to consider the following requirements: 

a) transmission must be performed on a two-way transmission line 
electrically by a four-way conduction network. 

b) the interval between channels of one group corresponding to the 
transmission direction must be as narrow as possible with the aim of filter- 
simplification of intermediate stations. 

c) it is desirable to have comparatively narrow ranges of two-channel 
’ groups for each transmission direction, whichsimplifies the correction of 
frequency distortions and facilitates countermeasures against nonlinear dis- 
tortions in common amplifiers. 

d) the upper limit of the linear range of transmission must be as low 
as possible since the attenuation in the cable rises sharply with frequency. 

e) in the lower part of the range it is imperative to arrange the 
operating regions of a one-channel system. 

The above given requirements are contradictory. For example, for 
the narrowing of the relative band of the two-channel groups and for the 
creation of easier working conditions for the first channel] apparatus, the 
spectrum of a two-channel system must be moved up higher. However from 
the point of view of amplifier simplification and increasing the band of the 
amplification regions, this spectrum must be moved down. The final dis- 
tribution of transmission range, which represents a compromise solution 
in which all the above mentioned points were thoroughly weighed, is shown 
in Figure 1. 

For each direction of transmission, a separate group of two channels 
is applied, created by the frequency shaping of the high-frequency group 
328.3 - 335.7 Ke, into the linear range of the transmission. 

The one-channel system is actually a perfected channel of audio 
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telephoning. In one direction, the transmission is carried by audiofrequen- 
cies 0.3 - 2.7 Ke; in the other, transmission is realized in the 3.7 - 6.0 Ke 
band with frequency shaping of the audio spectum. The directions of trans- 
mission are divided with the aid of filters. In this manner, the system of 
transmission becomes equivalent to a four-way conduction circuit. 

The width of the telephone channel band in a one-channel system is 
somewhat narrower than ina two-channel system. This is done for the 
following reasons: 

a) the narrowing of the band in a one-channel system permits lowering 
of the upper limit of the linear range of the system by lowering the upper 
frequency limit of the first channel, 

b) the use of a receiver-transmitter unit, or similar, in this case is 
not in order, since one of the channels is working in the audio range. 
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1 channel 


2 channel 


3 channel 
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Figure 1 


A singular characteristic of the two channel network portion of the 

end station, is the presence of the second stage of frequency shaping and 
group amplifiers for reception and transmission. 
Group frequency shaping, realized with the aid of a simple network, 
introduces insignificant complications in the end apparatus, which is justi- 
fied by saving on common units in the reception and transmission routes 
of the two-channel group, as well as by the use of the unified receiver- 
transmitter. Savings on the main units for one end station with individual 
and group shaping, is presented in Table 1. 

It is also advisable to note that the mixed (individual - group) principal 
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of construction gives the K-3 system a flexibility in relation to the pos- 
sibility of increasing the number of channels from one to three and a 
separate use of the first channel 1/3 from the other two 2/3 and 3/3. 

To transmit excitation, dialing, and signal currents of the ATC con- 
trol, a narrow band signal channel is constructed next to the upper edge of 
each of the audio channels. The carrier frequency of these channels, corre- 
sponding to their tuning center, is selected equal to 3,800 eps for a two- 
channel system and 3, 000 cps for a one-channel system. 

The extension of frequency transmission of the control signals into 
the range, in which the appearance of audio components is not probable, 
Date a considerable simplification of the receiver networks of control 
signals. 

The apparatus of system K-3 is accomplished without the use of elec- 
tron tubes. Semiconductor units (diodes and triodes) are used which en- 
ables a wide application of miniaturization. 


Table 1 


system system 


Carrier-frequency generator 
Receiving and sending amplifiers 
Directional filters 


Line equalizers 
Filter equalizers 
Frequency converters 


Notes: *-high frequency, **-low frequency, ***- type DK, 
**** bandpass. 


Miniaturization, in particular the use of miniature inductance coils 
in tuned and linear filters, has effected the choice of value of the output 
level of transmission. It is that level which is permissible from the point 
of view of mutual nonlinear effects between channels. This is explained by 
the inconsistency of existing magnetic materials used in miniature con- 
struction, which at high levels, introduces nonlinear effects. 

The level of one telephone cable at the output of end and interval sta- 
tions with a load of 600 ohms in system K-3 is taken as equal to 0.4 nepers. 
With this an isolation between any two channels is achieved, corresponding 
to crosstalk attenuation Byer > 6.7 nepers. 

Transmission of signals with an output level of 0.4 neper also insures 
an adequate noise protectiveness of channels. At the output of a telephone 
cable, at the point of a measured level of 0.8 neper, the circuit noise 
meter voltage of the set noise (during operation with two interval stations) 
does not exceed 1.0 mv. 

The minimal level of reception at the station input constitutes 4.9 
nepers at the highest linear frequency of range under the worst operating 
condition of the system from the point of view of protection against inter- 
ference (cable temperatures plus 20°C). Attenuation of the cable installed 
0.8 m deep from the surface of the ground, falls with the decrease in 
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temperature. Preliminary analysis has shown that these changes for cable 
type NPBNM-1, 2, which is installed in dry, sandy ground, constitute at 
the upper limit of the operating frequency range approximately 2-107% 
neper/km per 1°C. 

At the end and interval stations, the possibility is foreseen correcting 
for attentuation changes due to temperature of the cable, from the point of 
view of maintaining original channel attenuation within +0.2 nepers from 
the average value of 0.8 nepers at a frequency of 800 cps. The aim of this 
correction is to prevent amplifier overloading. 

Amplitude frequency distortions of the cable are corrected by linear 
rectifiers at the input of receiving amplifiers of end and interval stations. 
Channels 2/3 and 3/3 have joint group rectifiers in both directions, which 
are designed for a frequency range of 8.3 to 26.3 Ke. 

The most complicated and important parts of the apparatus are the 
oscillator and amplifier units, which have considerable importance within 
the apparatus, and in many cases determine the quality of channel indicators, 

According to their designation and performed function, oscillator units 
can be divided into main and supporting ones. The first of these is used 
in the system to feed carrying currents to the individual and group frequency 
converter. 

In channels 2/3 and 3/3, to create a two-channel group in the 328.3 - 
335.7 Ke spectrum, individual oscillators employing 328.0 and 336.0 Ke are 
used. The two-channel group, with the aid of those employing 309.4 and 
344.0 Ke is frequency converted into the linear range of the direct 8.3 - 
15.7 Ke or the reverse 18.9 - 26.3 Ke direction of transmission. In chan- 
nel 1/3, which has one stage of frequency shaping, an oscillator with 6.4 
Ke carrying frequency is used. 

The supporting oscillators of 3.8 Ke and 3.0 Ke serve to transmit 
directive signals on the signal channel carried beyond the audio spectrum. 

To oscillators of carrying frequencies, comparatively high require- 
ments are made in respect to frequency stability of generated oscillations. 
The stability of carrying frequencies of an order of 5 -10-5 in the tempera- 
ture range of +15°C to +40°C is achieved in the oscillators by way of 
quartz crystal stabilization. 7 

The principal network of a generator carrier oscillations is presented 
in Figure 2, 

The oscillator consists of the master and terminal stages. The divi- 
sion of functions, oscillation generation and amplification insures the least 
dependence of the operation range of the first stage, on the load oscillation 
at the output, and has a favorable effect on the frequency stability of gen- 
erated oscillations. 

The oscillator is constructed with semiconductor triodes of type 
D-14, utilizing a common emitter network. Negative bias on the base of 
triodes is supplied from voltage dividers Ry, Ry and R;, Rg. To achieve 
temperature stabilization of oscillator parameters, the operating points 
of triodes are stabilized by Ry, Rp, Ry, and R,, Rg, Ryo. 

According to the theory of temperature stabilization of semiconductor 
networks, the stability coefficient of the amplifcation stage is determined 
by the expression 

- Ee ee 
S= alk Ry/Rz + Ry/R3 +1 -a’ (1) 
ace Ry, Ry, and R3 are the network impedances for temperature stabili- 
zation. 
Impedances R, and Ry» produce the greatest effect, the choice of which 
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Figure 2 


to a great extent affects the characteristics of the amplification stage. In 
the network of the carrying frequency oscillator, the temperature stabili- 
zation coefficient is selected equal to Sj = 2.8, which completely insures 
sufficient stability of oscillator characteristics. As an additional measure 
of oscillator stability, the local negative feedback network is put to use 
through resistances Ry and Rip in the emitter triode networks. 
Tuned circuits L,C2, and L,Cy are the collector loads, and circuit 
L,C, is tuned to a frequency which is close to the frequency of generated 
oscillations, and the tuning of the second circuit coincides with the gen- 
erated frequency. The inductive coil in the circuit of the master stage has 
an excitation winding through the aid of which, a positive feedback is real- 
- ized. Thus a quartz crystal resonator (QR), which mainly determines the 
frequency of generated oscillations, is connected to the positive feedback 
network. The regulation of the output oscillator level is realized by the 
potentiometer Rg. 
Assisting oscillators differ schematically from the others by their 
lack of a quartz crystal oscillator in the positive feedback network, and the 
parameters of tuned circuits L,C, and L,C; which are connected to the triode 
collectors. 
One of the most important and critical units of apparatus K-3 is the 

’ group linear amplifier, which is installed at the remote amplifier stations. 
Its chief requirements are high linearity and low noise level. During the 
development of the amplifier, special attention was given to the fulfillment 
of these conditions. The principal network of the group amplifier is pre- 
sented in Figure 3. 

The amplifier was constructed using type P-13 B triodes for the first 
stage and P-14 triodes for subsequent stages. These semiconductor triodes 
are hooked into a circuit with a common emitter, Among the many advan- 
tages of a circuit with a common emitter are the broad possibility of using 
the good features of local negative feedback, and the setting up of the sim- 
plest form of an intercascade circuit. This is explained by the fact that the 
input resistance of a stage with a common emitter is completely adequate 
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Figure 3 


for obtaining amplification of 1.5 to 2 nepers without intercascade matching 
transformers. As in the oscillator circuits, the semiconductor triodes in 
the amplifier are temperature — stabilized. Furthermore, local negative 
feedback is available in each of the stages through resistances in the emit- 
ter circuits of the triodes. The operating regime of the first stage is built 
around the low-noise triode P-13 B, selected after calculation of the least 
noise value. Analysis of the semiconductor triode, using a linear self 
contained quadrupole system shows that one method of bettering the signal- 
to-noise ratio is to match source noise with that of the triode. Noise 
matching of a circuit with a common emitter utilizes the real component of 


the internal resistance of the signal source: 4 


lenu 2 


2 
Rn1 opt ( lean [2 lze— az? + |z5 + 2,/? +| Xi? ) ’ (2) 


thus, the optimal value of the excess noise coefficient is 
Ko le ean TenuP a 
nlopt = OTM ay; n22 al 2. ef’ oT 


+ |2o + 2P + xp)? : (3) 


Equations (2) and (3) are simplified and do not take into account the 
correlation relationship between internal sources of noise in the semicon- 
ductor triode. Calculation shows that the optimal value of the real compon- 
ent of internal resistance of the signal source usually lies in the region 
500 < Rntopt < 1000 ohms; thus, the excess noise coefficient can be of the 
same order’: as that in electron tubes. 

The best results were obtained when, in conjunction with noise matching 
and the use of low-noise triodes, an optimal DC operating regime was es- 
tablished. Investigations preceding development work established that the 
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optimal operating range for p-n-p junction triodes is a collector bias volt- 
age not exceeding 1.0 v and an emitter bias current within the limits 0.2 
to 1.0 ma. 

Thanks to the application of the indicated measures for lowering the 
inherent noise of the triodes, a sufficient low noise value was achieved for 
the linear amplifier. The set noise of the amplifier in the band of one 
telephone channel, calculated after allowance for input noise data, did not 
exceed — 14.5 nepers. The last stage of the amplifier works in a regime 
stipulated by the requirement of linearity for the amplifier. The attenuation 
of nonlinearity in the second and third harmonics constitutes, respectively 
bhe > 7.5 nepers and bps > 8.5 nepers for zero level of the signal at the 
amplifier output. The last three stages of the amplifier have a total 
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negative feedback which is passed on from the second — stage emitter to 
the next by resistance Ray. By changing the value of this resistance, step- 
wise control of amplification within the limits of 10.3 nepers to an average 
value of 5.0 nepers is produced. The frequency and amplitude character- 
istics of the amplifier are presented in Figures 4 and 5. 

The apparatus of system K-3, a general view of which is shown in 
Figure 6, is constructed with due consideration for the conditions under 
which it will be used in local communication networks. Thus, the necessity 
of stipulating simplicity of replacing individual blocks and units, the ac- 
cessibility of available controls, and the possibility of setting up interme- 
diate stations in unheated locations and underground are all considered. 
The over-all size of the terminal station is 370 x 470 x 290. 

Because of the use of semiconductor triodes, the apparatus of a 
three-channel system is highly economical in power consumption. The 
terminal stations require batteries with a load of 24 v and, on the average, 
120 ma, which is less than one watt of power per channel. The interme- 
diate stations are remotely supplied from a 60 v DC source according to a 
wire-to-wire system. The principle involved in this system is that each 
terminal station feeds one intermediate. The average consumption for all 
three channels of an intermediate station is 45 ma. 
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SELECTION OF SEMICONDUCTOR AMPLIFIER 
CIRCUITS FOR MULTIPLEX BALANCED CABLES 


Yu. D. Farber 


A circuit consisting of two amplifying elements and a line equalizer is 
considered and the operating conditions of an amplifier built around such a 
circuit and used as a high frequency line repeater for multichannel telephony 
is investigated. 

In tube amplifiers for multiplex balanced cables, the desired slope of 
the frequency characteristic of amplification is obtained by using a frequency 
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dependent network connected, at least partly, into the OOS circuit (Figure 
la). In semiconductor amplifiers this kind of hookup creates difficulties in 
obtaining the required characteristic. Therefore, a circuit (Figure 1b) is 
used which contains two amplifying elements S; and Ss, not dependent on 
frequency, with a line equalizer of attenuation ble connected between them. 
On replacement of amplifier circuit 1a with circuit 1b the conditions of 
signal transmission (especially noise-reducing features) are changed. 
Correspondingly, the relationships used for selection of the basic param- 
eters of the amplifier and calculation 
of the channel's performance quality 
should be expected to change. Tocon- 
firm the aforesaid, we compare ampli- 
fiers based on both circuits. We will 5 
consider amplifiers to be equivalent for ie 
this purpose if, for identical signal 

values at the input and output of the 

high frequency channel, the set and 
nonlinear noise powers are equal. 

Designating the levels at points 1, MB, 
2, 3, 4 (Figure 1) by the letter p 

with a corresponding subscript, we 

note that the quantities p; and, p2 in 5 
both circuits are correspondingly 1 
equal. In order that for identical 

requirements in the set noise levels 46, 
of the amplifiers we may obtain b) 

practically equivalent minimization 

of noise interference, it is neces- Figure 1 
sary that 


Ps > Pr- 


In order to obtain practically equivalent reduction of nonlinear noise, 

given equal requirements of linearity in the amplifiers, it is necessary that 
P2> Ps: 

Further, since, (Figure 1b) p3 = pz + bje (£), then, total amplification 

must satisfy the condition 
S=S, te S, — bie ( f) = p2—-P1 > P3— Pi=P +r bie (f) a= Ps > bie( Ff). (1) 
However, an amplifier must compensate for loss in the part of the 
cable preceding it. This requires that 

where fy and f¢ are losses in the cable per kilometer at, respectively the 
upper frequency and an arbitrary intermediate frequency within the trans- 


mission band, and / is the length (in km) of the preceding part of the cable. 
From (2) and (1) we obtain the condition S,=§,l> (8,—6,)/ 


or 23,—(, >0, (3) 


which must be met for any frequency in the band, including the lowest, We 
may take the following values (in round numbers) for the linear spectrum 
of existing balanced — cable systems: for the lower frequency £;= 


= 0.09 “gee and for the upper frequency of the K-12, K-24 and K-60 
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systems By = 0.15, 0.19 and 0.29 SAL respectively. 


Thus, condition (3) is not fulfilled in the K-24 and K-60 systems and 
therefore, the circuit in Figure 1b is not equivalent to that in Figure la. 
To use circuit 1b it is necessary either to raise the requirements for the 
amplifiers (as far as the level of set noise and attenuation of nonlinearities) 
or to shorten the length of the amplification section. Thus, it is important 
to determine the parameters of the amplifier for which the given complica- 
tions will be minimal. In particular, since the required amplification may 
be obtained using several different values of Sj, it is necessary to find the 
most suitable of these values. Furthermore, since reduction of noise in 
signals transmitted along a particular channel depends on predistortion of 
levels at the output of the terminal station, the magnitude of predistortion 
most expedient for a given multiplex system must be determined. 

If, as is assumed at the present time, the measured levels at the 
output of the station vary according to a straight — line law, and are, re- 
spectively, poy and pz, for the upper and lower channels of the system, 
such that py - p2,= Ap, (line 2, Figure 2), then the levels at the amplifier 
input are 

Pip = P21 — 8 Piy= Pru Bub (4), 
Pit — Piur= Pot — 81! — Poy + Bul = Abie — Ap, 


where Abj, = (fy - 6) is the loss difference of the line equalizer for the 
-upper and lower frequencies of the transmission band. 

The frequency characteristic of the level at point 1 is indicated by 
line 1 in Figure 2. Lines 3 and 4 of this figure (showing characteristics at 
corresponding points) were obtained by drawing a line parallel to line 1 up- 
ward to the value S; and another parallel to line 2 downward to Sj. Let us 

explain that for construction of Fig- 
p ure 2, the loss characteristics of the 
nep cable and the equalizer were assumed 
to be straight lines, and the losses 
in the linear equalizer for the higher 
transmission frequencies were as- 
sumed to be equal to zero. As is 
well known, these assumptions cor- 
respond to reality with an accuracy 
sufficient for practical considerations. 
The conclusion obtained earlier that 
condition (3) is not fulfilled is ac- 
counted for by the fact that in Figure 
2, 8,/< Ab), and lines 2 and 3 (and, 
also, lines 1 and 4) intersect. 

If the set noise level at the in- 
put of an amplifier, measured in the 
frequency band of one channel, has a 
constant value py in all channels of 
the system, then the set noise reduc- 
tion introduced into any channel by an 
amplifier of the circuit in Figure 1b 
will be 


3 = Poy — 1/2 In fe? Pathe) 4. %PntS) ) 
= Poy — (Pp, + 8,2) —1/2In[1 + e? SPOT oe 
= Piy— {Po + 12Inf[l + €? Me“) — py — py. (6) 


Figure 2 
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From (5) it follows that the method recommended earlier for deter- 
mining the permissible length of the amplifying section [1] can be expanded 
to include the considered amplifier, under condition that the set noise level 
measured at the input in the frequency band of one channel be replaced by the 
the equivalent expression 


Pu=Pp, + 1/2in{1 + e? Mie—Sy, 
Expression (5) can be rewritten in the following form, for the upper 
and lower channels of the system: 
t= Binh, — 12 In(l-Pe >); 
33 = Pu — Pa — 1/2 In [1 + e? OMe) — 
= Piut (Abie — Ape) — py — 1/2 In [1 + e? “te? }, (’) 
Since there is no physical basis for 6, <5y we may require that 


3, > 8, 
or 
Abe Ape 2iniieoe alee} = 1/2In(h en |, 


whence, 
e 1 a | 
SEP SUIEA peer reer eee (6) 
From (6) it is evident that for Ap, ~0, S; +-0oo, and for Ap, + Abj, 
Si. Consequently, the condition 5; > 6, is fulfilled only for values of 
Ap, lying within the limits 0 < Ap» < Abjg. From the relationship 


as; e24ps e2 (40}¢—Aps) 
dbp» paren’. 2s 1 e? (4010 —4Ps) _ 
and the fact that for 
e2OPs a e2 (46)—4ps) 05 dS, 0 
eee serine Gis 2 hate =P ait ape 


we are cgnvinced that the value of S;, should also monotonically increase 
with increase of Ap,. But we see from (5) that when S, increases set noise 
is reduced. Therefore, it is expedient to increase Ap, and S; along with it, 
thus fulfilling condition (6). In this way, if there is an inequality sign in 
(6), set noise reduction in the upper and lower channels of the system is 
identical. 

On further increase of S; noise reduction in the lower channels be- 
comes larger than that in the upper. 

However, on increasing S;, the quantity p3; and the specified value of 
undistorted output power in the first amplifying element are correspondingly 
increased. To require that the undistorted power of amplifier S; should 
exceed that of S. is inexpedient, since then there would be no excuse for a 
second amplifying element. This obviously limits the applicable values of 
p3 and, consequently, those of S;. 

If the permissible value of the transmission level, without predistor- 
tion, at the output of a multichannel amplifier with band frequency x, lying 
within the limits 0 and 1, is pyr, then the total power corresponding to this 


2 
level will be e“Ptr, 
On introduction of predistortion with a difference between upper and 
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lower levels equal to Ap and variation of the levels according to the equa- 
tion of a straight line p = p,,,,+ Apx (for 0< x< 1), the total power is 
1 


fe (Pmin + 4px) dx, Thus, in order that, on introduction of predistortion, 


0 
the total power should remain unchanged, we require that 
1 


24 
e’P — J e??min ez 4px dx=e? min © sient 4 
24p 
0 
whence 
1 e24p_j 
Pe = Print, “97 —— aa ae (7) 


A graph of the function 


(Damar tr) = 9 (Ap) 
and (Pmin + 4P — Pu) = (Ap) 


for values of Ap having practical significance, is presented in Figure 3. 
Explanations of formula (7) and Figure 3 are presented in Appendix1. 
For points 2 and 3, Figure 2, the difference in the upper and lower 
channels are Ap, and Ap; = Abje -Ap2. For these points, expression (7) 
may be rewritten in the form 


1 en la 1 Cr ig et 
= P2, + > In ; = = f 
Pan Ps Os TR Mal dinar nary Tres Pt (7’) 
whence, 
1 2 (Bb jo—bps) __ 
Poy — Pr= > In ES Nt 1 in, (8) 
2 {e?*P* — 1] [Ab j— Apo] 2 
and, thus, (Figure 2), 
S, = By! — Ap, — (por — Pay) 
so that 1 
S1 <8! — Ap, ——-InD 
(9) 


S,=P\!—Si > 4p, + + InD 


If there is an inequality sign in (9), then the utilization factors of S; 
and S2 are identical and they are determined by the value of the output level 
Pty On decreasing the amplification of the first element by AS, to the value 


S;=8l—4p,— —InD—as, 


the level at the output of this amplifier is also reduced by the value AS;. 

The total power of the nonlinear products of second and third order, 
forming at the output of an amplifier in the frequency band of one channel, 
can be determined from the expression 


Win =W.+W_+3,=4 Is (s, Ap) ee 272(0) + Pot 4P 1 4 
L 24 of ¥s,(9, Ap)e —20,(0)+6pe+P 57 


+ 24L yy (Ape Otte 
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Figure 3 


In this expression AF and Af are the width of the frequency band used 
in the given system, and the bandwidth of the channel, respectively; b, (0 
and bg) are the nonlinear losses due to second and third harmonics at an 
output level of the first harmonic equal to 0 neper; py is the level of the 
multichannel system (in the given multiplex system) at the 0 neper level; 
yo (9, Ap), y32 (0, Ap), yx (9, Ap) are coefficients indicating what part 
of the total power of the nonlinear products of a particular order and kind 
passes through a given channel. The magnitude of these coefficients de- 
pends on an auxiliary variable 0 (0 < 0 <1), which characterizes the posi- 
tion of a given channel in the linear spectrum of the system, and on the 

‘spectral distribution of the signal power of the applied amplifiers. 

On changing the output level of an individual channel according to a 
straight-line relationship, the signal power distribution monotonically fol- 
lows the changing difference between the limiting frequencies Ap'. In cal- 
culations of the power of nonlinear products, this difference between the 
upper and lower channels of the system Ap' = py -p is taken into considera- 
tion (as distinct from the value taken earlier Ap = p,,,.-Pnin: 

Values of py for systems with different numbers of channels are given 
in [2]. In [3] graphs of the function y2 = 9(0), ys2= $(9), ys, = 8(0) for 
various values of Ap'.are presented. 

In the considered circuit nonlinear products arise at both amplifiers. 
At the output of the second element, where the tranmission level pty can be 
determined from the quantities Ap, and py with the aid of (7) and Ap' = 
= Apo, be (0) = b''> (0)> b3 0 =b"s (0) » the total power of the nonlinear products 
is of 

Wan =Wa'+ Wert Wa = 4 yo(adp,) em Maer +. 


Bae mee 32 (3, A p,)e~ a0) +0 cenit >) a1 (9, 4p.) eo) +8Prt x, (10) 


For determination of the power of nonlinearities at the input of the 
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first amplifying element, we assume that, for amplification at S;, the cal- 
culated transmission level is 


Po =Pu —4S;=Pr — (84 4p, — > nD — S;) (11) 
and for 
by.) a; bao)» b30) a byoy Ap’ = pyy— Pay = 4p2 — Abie 


the total power of the nonlinear products will be 
Wi =W2+Wm +Wn = 4 are (o, Ap, — Adj.) 7 2(0) APH eb 
+ 24 #£ Yaz (9, 4p, — 4b).) 27 295(0) Pet 8 opp. 
+ 24 rE (3, Ap,— bic) e210) +9704 8 “ (10”) 


In passing from the output of the first amplifier to that of the second, 
the transmission level is changed by the value p - p3 = So - ble (f) = Al - Sy. 

Therefore, the power of the nonlinearities arising at the first ampli- 
fier and passing to the second becomes Wy] e?*s'*? | The additive law for 
nonlinear products arising at particular amplifiers depends on the frequency 
phase characteristic of the element of the transmission line included be- 
tween them and should be determined experimentally for amplifiers of a 
given type. In design work, where experimental data cannot be obtained and 
special measures for correcting the phase characteristic have not been 
provided, it is assumed [4] that nonlinear products of the second order and 
of the third order, second kind, are added according to power, but products 
of the third order, first kind, are added according to a law which is inter- 
mediate between power and voltage addition. If we accept this for amplifying 
elements of the circuit under consideration, then the total power of nonliner 
products at the output of the second amplifier, determined in the frequency 
band of one channel, will be found within the limits from 


Wi min =Wni ey IF Wri (12) 


to 


Wit max = (W2 + Wa) e? ¢- 4 4+ WE 4 Way e2 OSD 
I Wa +2 V wx Wa e? gee (12’) 
Substituting into (12) the values of W'}] and W\,; from (10') and (10'') 
we obtain 


2 


TYE eee YH 
Wnt min = 4 “AF Sapa fetat a Ly2 (3, Apo) + yo (9, 4p, — Abie) X 


er 210 aq)~ aca)! — 4454208 IS.) 1 94 M9250) +6P0+ 8P tr x 
AF 


X D2 (, Ape) + Ys2 (3, Ap, — 46),) e~ 130) 30) SAS +208 rey = 


(Velie 
+ 24 at @r nie). ae er [yi (9, Apo) + Ysi (9, 4p, — 40).) X 
en 2 (930) aco) BAS: #28 —Si)y (13) 
Comparing (13) and (10) we see that (10) can be extended to include 


the considered amplifier under condition that the values of the coefficients 
Ya, Y32 and yy; are replaced by equivalent values obtained from the expression 
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Y2= Vo (9, Apr) + yo (3, Ap, — Ab) 2) e~ (Pao) g(qy! 445i +218 Ss) 


Ys2 = Va2 (9, 4p.) + Yao (3, Ap, —4b).) e~ (5(0)— >400) Teac as (14) 


yar = Yor (4 Ape) + Ya, (3, Apy— Ajo) em 2 !2(0y~ P3¢oy! AS FPS 


for power addition, and 


2[d, 1-645, +2(8 p!—S,) 


yar = Yar (ADs) + Yo1(2, Ay — Adj.) @~ 2 !a0)~ *3¢0) fe 


ee mete se ee OW 8) 
+2 V Yar (2 4p) Yar (9, Ap — Adie) 2 7!3(0)~ aco)! —S4S:+18/!—Si is) 
for voltage addition. 


From the aforesaid it follows that the method presented earlier [4] 
for the most part remains in force. However, introduction of auxiliary 
variables S; and Ap, substantially complicates the problem. Substituting 
into (14) the values of AS; from (11) clearly demonstrates that, on increase 
of S;, the total power of the nonlinearities are increased, which, for a 
given reduction of nonlinear noise, compels the lowering of the transmission 
level p,,,.. This circumstance in its turn limits the applicable values of Sj. 
Varying Ap», occasions various changes in the power of the nonlinear products 
of differentkinds. As investigations [3] indicate, on increase of Ap», the 
power of the nonlinearities of the second order increase in the lower and 
decrease in the upper channels of the system, the power of those of third 
order, second kind, decrease in all channels, and the power of the products 
of the third order first kind, increase in the upper and decrease in the lower 
channels. Furthermore, as has been pointed out, the dependences of the 
coefficients yo, y32 and y3; on the magnitude of predistortion Ap are expressed 
not in analytical, but graphic form. Therefore, the values of S; and Ap» 
chosen in accordance with nonlinear noise reduction factors must be deter- 
mined separately for each concrete multiplex system. This requirement 
is a basic criterion, if the suppression of nonlinear noise in the upper chan- 
nels of the system is to equal the suppression of set noise. An auxiliary 
_ eriterion (for fulfillment of the basic one) is noise reduction in the lower 
channels. As an illustration, Figure 4 shows the results of calculations 
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made for the K-60 system, using MKSB-60 cables and section lengths of 
approximately 5, 10 and 15 km (for which Abje are 1, 2 and 3 nepers, re- 


spectively). The values of the ratio a are laid off along the horizontal 
e 


axis, and values of S;, along the vertical. Solid lines indicate minimal 
values of S;, found from (6). Dashed lines represent maximal values of 
S,, found from (9). Dotted and dashed lines show values of S; for which 
there is equality of nonlinear and set noise in the upper channel (for Abje = 
= 2.0 nepers). 

As the calculations indicated, loss from replacement of amplifiers in 
the circuit Figure 1a by amplifers in Figure 1b is quite considerable. 
Therefore, introduction of a frequency dependence into the OOS circuit of 
a semiconductor amplifier is wholly to be desired. 

In conclusion, the practical interest of a variant of the circuit with 
two amplifiers shouldbe noted, in which the equalizer is placed partly at 
the input and partly between the amplifying elements. 


APPENDIX 


It is necessary to explain that the expression presented in [5] 
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takes into consideration the absence of power in the intervals between chan- 
nels. 
Rewriting it in the form 


Pw ™=Pmint 1/21n 


A af F ; - s - 
and expanding e2 7p {fin series form, we obtain in the denominator on the 


right r 


of BEG PAC Ley er geld fn FY or ae 
fr+2 x P+ Orr 2) +3 (25 ap) +. ae —1] Vie 
Afton as\2 
Zi 2 ae —_— 
2Ap + 23p re +poa(Z) +... 
For the K-24 SE - 3:1 _ 3 93.19-2, and for the K 
AF 96 : , and for the K-60 system it 


pXi yl 
equals Ay =940 7 1.3-10-*, Therefore, the terms containing (SS) in any 
degree higher than the first are negligible in comparison with the firstterm. 
As for the first two terms, they can be presented in the form 
af 
AY —_— 
2\p [ + Ap AF |: 
Even at Ap = 2.5 nepers, the quantity in brackets does not exceed 
1.081 in the K-24 system and 1.033 in K-60. Thus, by taking only the 
first term in the denominator into the calculation we decrease the denomina- 
tor by no more than 8%in K-24, and by no more than 3.3%in the K-60 system, 
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Consequently, the error in the determination of p,,,,does not exceed 0.04 
neper in K-24 and 0.02 neper in K-60. This permits us to recommend ex- 
pression (7) as the simplest for practical calculations. 


Original article submitted July 5, 1960 
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APPLICATION OF VARISTORS 
TO ARC QUENCHING 


E.E. Raukas 


The volt-ampere characteristics of varistors are investigated in con- 
nection with their application to arc quenching. A nomogram is set up per- 
mitting the selection of suitable parameters. A method for calculation. of 
the power dissipated by the varistor is presented. : 

On breaking a circuit containing a large inductance, a spark discharge 
is observed, under certain conditions, at the moment the contact is broken. 
This phenomenon is in many respects undesirable (it hastens deterioration 
of the contacts, etc.). 

For quenching the arc, usually, a resistance is connected across the 
inductance or contacts, or, an RC circuit, or, finally, a varistor is used. 
The advantage of a resistance is its economy; its disadvantages are the 
delay in making and breaking the contact and the large power requirement. 
An RC circuit is free from these defects, but it is much more expensive. 
The varistor has the advantage of simplicity, economy (in mass production) 


(Al 


and a significant decrease in the delay in operation of the contact in com- 
parison with a resistance having the same power requirement. 
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Figure 1 


Let us consider an arc — quenching circuit based on a varistor. Let 
the varistor be connected in parallel to the inductance L (case a). The 
operating voltage of the system is equal to up; we will call the voltage aris- 
ing at the contact on breaking the circuit ue. As is well known, at the mo- 
ment the circuit is broken, the current I following through the induction does 
not change, and the circuit is completed, not through the power supply, but 
‘through the varistor. A voltage pulse u arises in the varistor. As seen 
from the Figure, ug = uy + u. When the varistor is connected in parallel 
to the contacts (Figure 1b) ug = u. 

In order to avoid an arc the inequality ue < ug must be fulfilled, where 
ug is usually found within the limits 270 - 330 v [1, 2]. 

According to investigations, the optimum voltage ug for longest life 
varies from 180 to 240 v, depending on the material of the contacts. 


VOLT - AMPERE CHARACTERISTICS OF VARISTORS 


A nonlinear semiconductor resistance whose value depends on the 
applied voltage is called a varistor. 

The low-power varistors produced by our industry are prepared from 
silicon carbide and are disks 10, 15, 20 and 25 mm in diameter and 2-3mm 
thick. 


According to [3, 4, 5] one of the following empirical formulas may be 
used as an approximation of the volt - ampere characteristic of a varistor: 


ion, o=aer¥ *, (1) 


where o is the electrical conductivity, 0) is the conductivity for u = 0 v, b 
is an experimental constant; or 


i=Cu, (2) 
and, finally 
u= Br, (3) 


where C, B, a and are experimental constants. 


In the general case, nonlinearity is determined from the ratio of the 
static resistance to the dynamic 
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When approximation (2) is used B takes the form 


where uj, ij and u», ig are related values of the current and voltage lying 
close to one another. 

Volt - ampere characteristics of the type NPS varistor made at the 
Pegel'man Radiotechnical Factory at Tallinn was studied in the circuit 
(Figure 2). The capacitor C (20 - 160 pf) was first charged through a 
resistance R, to a voltage u, measured by voltmeter V,; and subsequently 
discharged through the varistor circuit. 


For measuring the current 
by the compensation method, an 1 (ma) 


inductanceless resistance R; was g¢ 
connected in the circuit, chosen 
so that the voltage pulse from R, 
was compensated by the voltage 
u'. An ENO-1 oscilloscope was 
used as an indicator. The volt - 
ampere characteristic at low 
voltages was read directly using 
amilliammeter connected into the 
circuit. Depending on the varis- 
tor current, characteristics were @" 
taken from 200 - 400 v (approxi- _ 
mately corresponds to a field in- @ 
tensity of 1400 v/cm in the varis- 
tor). 


A typical volt - ampere 
characteristic is presented in o 
Figure 3 on a logarithmic scale. 

As seen from the figure, beginning Figure 3 


with a certain value of the voltage, the experimental curve becomes a 
straight line, which indicates the constancy of 8 at high voltages. 

From many measurements on different samples the lower limit of 
constancy of 8 was determined for the particular type of varistor. It 
varied from 16 to 40 v (approximately 50 - 300 v/em).! Thus, for voltage 
above this, formulas (2) and (3) give the best approximation to the charac- 
teristics. 

Investigations at much lower voltages showed that from 1.5 to 35 v 
(5 v/em to 130 v/em) formula (1) gives the best approximation. The volt - 
ampere characteristic expressed in (0, Vu ) coordinates (Figure 4) shows 
this, being a straight line in the indicated voltage interval. 


Figure 4 


CHOICE OF PARAMETERS 


As the above makes clear, the most suitable expressions for the 
characteristic of a varistor, from the point of view of arc quenching, are 
formulas (2) and (3). Using formula (2) we express C in terms of ip and 


Ug 
=i,(=), (4) 


Uo 
where i is the current at voltage ug. 

The parameters of the varistor in this case are iy and 8, fixed for a 
given ug. In order to keep constant, up should be sufficiently high (for 


varistors from the Tallinn factory, greater than 16 to 40 v). For quality 
control the voltage u)=50vis used, then ij=0.1to 30 ma, B =2.5 to 4.0. 


a : : 
The figures given relate to varistors prepared at the Tallinn Radio- 
technical Factory according to LETI technology. Similar experiments on 


varistors prepared by other techniques gave approximately 100 
lower limit of constancy of 8. ne y v for the 
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Let us set up a nomogram for determining suitable parameters for 
an arc quenching varistor, given the parameters of a relay-coil circuit. At 
the first instant of contact separation, the current through the varistor is 
equal to the operating current of the inductive element and formula (4) can 


be given as 
[=i, (=): 


Formulas (1) and (2) give 
M. = Upje U < Us Ou, =u < u,. 


Noting that up = 50 v and the optimal value of ug + 200 v, for circuits 
with supply voltages up = 48 and up = 60 v, parallel connection of the varistor 
to the inductance gives u/uy = 3. Thus, the voltages upon contact separation, 
Ug = Up tu= 3 Up + Up, will be 198 and 210 v, respectively. 

In systems operating at 6, 12 and 24 v, a varistor connection leads to 
u/uy = 4. The corresponding voltage at the contacts is then from 206 to 224 
Vi « 

In connecting the varistor across the contacts, the ratio u/uy is in- 
dependent of the operating voltage and is approximately equal to 4. 

The nomogram (Figure 5) consists of four scales: one each for I 
and B, and two for iy. Depending on the conditions noted above, we use 
either the left (u/uy = 3) or the right (u/uy = 4) scale for ip. Any line 
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Figure 5 
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passing through the given value of I and intersecting the ij and B axes gives 
the desired parametric values. These iy and# pairs are innumerable, as 
seen from the nomogram. It is most economical to use varistors with } 
large 8 and small iy. As a result of connection of the varistor into the cir- 
cuit, an additional power consumption arises 


AN = ipub, 


where ip and up are the operating current and voltage of the varistor. 
The ratio AN/N can be called the power-loss coefficient. 


AN _ te 5 
Meee TE (6) 
where N is the power stored in the induction coil. 
On connecting the varistor across the contacts 


Kae ee eee (6) 


where p is the ratio of the inductive loading time to the total time. 
ip is calculated from the formula 


=h (ZY. (7) 


At low voltages (below 15 v) a wide divergence from the true value of 
the current ip, as a result of the inconstancy of 8 can appear. 

Thus, after selecting suitable parameters according to the nomogram 
(Figure 5) we can calculate the power loss occasioned by the varistor from 
formulas (5), (6) and (7). 


CHOICE OF PARAMETERS, INCLUDING TEMPERATURE CORRECTIONS 


The calculations are somewhat more complicated if we consider the 
relatively large temperature coefficient of the varistor's resistance (on 
the average -0.6%/°C). 

With each pulse, with the varistor hooked up to the circuit of Figure 1, 
almost all of the energy stored in the inductance is dissipated. If we desig- 
nate the number of circuit breaks per minute by n, the inductance of the 
circuit by L, and the current through the inductance by I, then the power 
loss will be 


“4 120 ° 
The total power dissipated by the varistor is equal to 
No=N,+ AN. 


Assuming the relationship between current and temperature of the 
varistor to be linear and considering that, to a first approximation, the 


varistor temperature depends linearly on the power dissipated by it, we 
may write 


=A [1+ 8(N, +4) + yAq=i, [1 +3(N, + dup) + yt}, (8) 


where i's is the operating current of the varistor with temperature correc- 
tion, 6 is an experimental coefficient, reflecting the increase of current with 
increase of power dissipated, Y is the temperature coefficient of the varistor 
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current (~ + 0.6%°C), At = t-20°C is the number of degrees above room 
temperature. The term y At is concerned with the effect of the tempera- 
ture of the medium; it is used for large differences between the medium 
and room temperature. For a disk-shaped varistor with diameters 10, iS, 
20 and 25 mm, the coefficient 6 is equal to OFCOM On o> ym OnecieandhOniare= 
spectively. The error introduced by using formula (8) does not exceed 15% 
if the difference between the temperature of the varistor and that of the 
medium does not exceed 70°C. 

Taking i's/ig from (8) we obtain 


where 
ON aye NG 


P= : ; 
i -dis5 Usp 
i6 is calculated from (7). 

Comparing the result with equations (5) and (6) we see that the power 
loss coefficient K is multiplied by a factor F when a temperature correction 
is applied. 

Again, making calculations similar to (8) we obtain for the current ig 
the expression 


. % 
where i= @’ 
° uft? 
Gmi4i(Ne+h Z p) +1 (9) 


If the varistor is connected across the contacts, it is necessary to 
replace the quantity p by 1-p. 

To take account of the temperature correction it is necessary to use 
the nomogram (Figure 5) in the following manner: 

Let it be given that I= 100 ma, ug = 60 v, 6 = 3.2; a varistor with 
diameter 15 mm (6 = 0.35) connected across the inductance; Ny = 0.55 
watt, p = 0.5; temperature of surroundings equal to that of the room. 
Using the scale u/uy = 3 on the nomogram (thus, ug = ut us = 3uy + 

+ ug = 210 v) we find i) =3 ma. Finally, from equation (9) we obtain 


4.2 
G=1+0.35 (058 neae 107? 05) = 1.72, 


2 
3 
DE Peers ye 1.75 ma, 


Consequently, in the given case for B = 3.2, a varistor with iy = 1.75 
ma (measured at a voltage uy = 50 v) is suitable for arc quenching. 
The author gives thanks to Professor Kh. Sillam for his many useful 


suggestions. 


Original article submitted April 25, 1960 
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LETTERS TO THE EDITOR 


REMARKS CONCERNING THE ARTICLE BY S.I. SAMOILENKO, 
"OPTIMAL REGULATION OF THE PARAMETERS OF RADIO LINES" 


In the journal 'Elektrozvyaz"' No. 12, 1957 was published an article 
by S.I. Samoilenko, "Optimal Regulation of the Parameters of Radio Lines." 
Since in certain later publications (e.g., A.M. Petrovskii, ''A Scanning 
Method for Improving Radio Reception,'' Elektrosvyaz No. 5, 1959) refer- 
ences were made to this work and its results utilized, we feel it is neces- 
sary to call attention to an error which was allowed to stand in the previous 
article and was carried over into those that followed. 

Samoilenko poses the problem of determining the conditions which will 
ensure optimal transmission of a binary code along a noisy channel. On the 
basis of this analysis of the capacity of a channel to transmit binary signals 
in equation (5) (here and subsequently, we use Samoilenko's enumeration 
of equations) the author comes to the conclusion that 

''.,. for transmission of information by binary code under the condi- 
tion that the probabilities of the appearance of the elementary symbols are 
equal, the greatest quantity of information per elementary symbol is 
achieved when the probabilities of distortion of each of these symbols are 
also equal." 

This conclusion in no way follows from the discussion preceding it. 
Actually, to make a statement such as that quoted above, it would be neces- 
sary to express the quantity of information as the probability of distortion 
of the symbols, Pgisti and Pgist», under conditions of apriori equal prob- 
ability of the symbols at the input [equation (5) represents the maximum 
quantity of information in all possible methods of coding that can be trans- 
mitted per channel, given the symbol distortion probabilities Pgist 1 and 
Pgisto» and, therefore, generally speaking, is not equal to the quantity 
of information that can be transmitted by symbols with equal probabilities 
Py = Py =4- | . Thus, assuming that the probability of distortion is a func- 
tion of a certain parameter (in particular, this could be the limiting level 
of the signal) we can set up the equation for optimality 

dal 
wae 0. 

The ratio between Pgjct¢o and Pgigt; obtained from this equation 
allows us to make the statement we require. Continuing this analysis, it is 
easily proved that neither equation (8) nor any other simple and physically 
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significant relationship between Pgigt ) and Pgjg¢1 can be obtained. This is 
an obvious consequence of the fact that "quantity of information" is not a 
very fortunate criterion for the problem considered. On the other hand, a 
generally adopted criterion of optimality exists: if the total probability of 
faulty reception P = Pgisto + Pgisti is a function of some parameter a, 
then for optimal reception it is necessary that 


aR _ 
da 


Returning to Samoilenko's work, we note that analysis of equations 
(5) and (6), under the condition of equiprobable transmitted symbols and 
leading to the conclusion formulated in equation (8), can be given in these 
words: a code with a priori probability of symbols P, = P|,)|= 1/2 is an 
optimal code when the probabilities of distortion of these symbols are equal. 

It is obvious that this conclusion and that of S.I. Samoilenko are not 
identical. They would be identical if optimality of a code A for a channel 
with noise kj means that the amount of information transmitted in this code 
over any other channel k is also a maximum. In actuality, that a given code 
A is optimal for a given channel k signifies an extremal condition for the 
quantity of information transmitted over the channel only as far as the 
multiplicity of the code is concerned, not the multiplicity of channels. 


0. 


L. Byalyi 


ANSWER TO L.I. BYALYI 


Analysis of equation (5) of the article in question shows if there is an 
equivalence in the maximum quantity of information per symbol per channel, 
then, for the case of equal a priori probability of the appearance of the 
symbols 0 and 1, the best channel is that in which the probabilities of dis- 
tortion of the symbols 0 and 1 are equal. 

This conclusion was presented in the article in a formulation which 
did not emphasize the importance of equivalence of the channels and this 

‘has led to the critical remarks. 
Actually, we assume that on changing the regulating parameters and, 

» correspondingly, Pgisti and Pgist , the channel is no longer equivalent i.e., 
the maximum amount of information per symbol, which can be achieved 
’ with the best code, is changed. In this case it would seem that matching 
the probabilities of distortion in the selected code would not lead to the 
greatest amount of information per symbol. 
Considering that these questions were not treated in sufficient detail 
- in the article considered, it would seem expedient to fill in the gaps some- 
what. An analysis is presented below of some examples of the regulation 
of amplitude thresholds according to the criterion Pdist; = Pdisto from the 
point of view of the minimality criterion (Pgisti + Pdist 0). 

Example 1. Transmission of binary information in the presence of 
white noise by amplitude modulation and envelope detection. 

As is well known [1, 3], the probabilities of distortion of the symbols 


0 and 1 with amplitude modulation are 


. () 
Pais ec F Zo Mh 


—#2/2 (2) 
Paisto= & us 
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where h = ri is the ratio of the effective values of the signal and 


noise voltages at the detector input. 
pops Tans 
° Uneff 


E, is the threshold. 
3 —x'2 a: Q@) 
Flte a= {ze 2 Iy(xV 2h) dx. 
Py; + P3. 
In Figure 1 is shown the dependence of the quantity emacstchihe acti 
on the threshold value for different signal-to-noise ratios. In the same 
figure, the circles represent threshold values corresponding to Pgisti = 
= Pp 2 e 
cme seen on the curves, the thresholds selected from the condition 
Pgisti = Pgisto are found in immediate proximity to minimum values of P. 
Thus, use of the criterion minimum (p) is seen to lead to a decrease in 
the amount of transmitted information in comparison with a system of 
transmission in which the threshold satisfies the condition Pdisti = Pgisto 
and where transmission of excess information is not required. 
Example 2. Transmission of binary information in channels with 
white noise by amplitude modulation and synchronous detection. 
The probability of distortion of the symbols 0 and 1 is in this case [3] 


es = 
Pascoe > — > 1(aVR), (4) 

P P, Pa a R 
pe dist Bist o Paisu=> - >! |d-9 VR]. & 


where a ats is the relative thresh- 


old, T is the value of the threshold, 
So is the effective value of the carrier 
envelope after a long time, Ris the 
average signal-to-noise ratio and 


2 
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In this same work [3] it was 
shown that the minimum value of P 
takes place ata =1/2. As seen from 
equations (4, 5) for this threshold 
value, distortion probabilities of the 
symbols 0 and 1 are equal. In other 
words, regulation of the threshold 
according to the criterion Pgisgti = 
= Pgist 0 ensures an optimum for the 
criterion minimum (p). 

Example 3, Transmission of binary information by video pulse in a 
channel with white noise. 


[4] The probability that the white noise will exceed the level U is equal to 


FUSS Usleatie eal (6) 
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This is evidenced by the fact that in the given examples the condition 
of equivalence of the channels is accurately, (Examples 2, 3), or, approxi- 
mately (Example 1), fulfilled. 

The probability of distortion of a video pulse with an amplitude Uimp 
for reception at the threshold level is equal to 


Uthresh 
Paist 0 = 1 -I meager 6G ) = 
U We 
Mae. thresh “imp, _ 7 _ 8 
1 -I ( Uimp V2 )=1-I (ka), (8) 
Uthresh Uim 
h =—————— = oats F 
where a ie hols oe 


Uimp - Uthresh 1 [Vimp a - Uthresh ) a) 
ona puree es 


=1-I[k (-a)]. (9) 


Pgisti = 1-1 ( pie 


From a comparison of equations (8) and (9) with (4) and (5) it is 
seen that they are identical in structure. Consequently, minimum (p) will 
take place in the considered case at Pgict1 = Pgigto. Regulation according 
to the criterion Pgisti = Pgigto will be optimal in regard to the criterion 
minimum (p). 

A consideration of the examples indicates that regulation of the thresh- 
old according to the criterion Pgisti = Pgigt » under the given conditions 
leads to the maintenance of the threshold level either in direct proximity 
to a value corresponding to minimum (p) (Example 1) or to some level for 
which the sum Pgjoti + Pgisto is a minimum (Examples 2 and 3). For 
other conditions of transmission, evaluation of the criterion Pgigt1 = Pagisto 
may be conducted in analogous fashion. 

In conclusion I would like to express gratitude to L.I. Byalyi for his 
useful criticism of my article. 
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AUTHOR’S CERTIFICATES (PATENTS) 


Class 21a!, 30, No. 130062. R.G. Karpov, Device for producing two 
pulse series. 

Class 21a!, 33,,, No. 130063. V.F. Vorob'ev, Method for improving 
the quality of the picture in magnetic recording television systems. 

Class 21a!, 33 4, No. 130065. G.V. Braude, Method for limiting 
frequency band. 

Class 2la!, 343, No. 130066. Ya.I. Efrussi, Method for reproduc- 
ing color television images. 

Class 21a!, 3539, No. 130541. O.I. Yudzon, Method of compensating 
for the shift of the horizontal blanking pulses of a transmitting television 
tube during the operation of a camera with a long cable. 

Class 21a!, 36, No. 129671. G.I. Isserlin, D.V. Katz and G.I. 
Sokolov, A frequency divider. 

Class 21a!, 36, No. 129672. V.V. Zolotov, Method for differentiat- 
ing (integrating) signal envelopes with amplitude modulation. 

Class 2la!, 36, No. 129673. V.E. Vershin, Device for shaping 
pulses. 

Class 21a!, 36, No. 130067. V.N. Glavnov, Current reverser in 
semiconductor triodes. 

Class. 212”, 164, No. 129674. N.N. Labzin and R.A. Baranov, A 
distributing device. 

Class 21a’, 18qy, No. 130068. B. Ya. Lur'e, Method for decreasing 
the thermal noise of a linear amplifier. 

To reduce the noise in an amplifier connected to a main communica- 
tion line, it is suggested that an active two-terminal network with a low 
noise level be connected to the input of the amplifier, along with a matching 
resistance. 

Class 21a7, 18g, No. 129675. F.S. Shapiro, Electromagnetic regula- 
tor. 

Class 21a”, 18), No. 130542. S.P. Kolosov and E.B. Elagin, De- 
vice for introducing automatic regulation of a signal into a system, propor- 
tional to a derived mismatch in time. 

Class 21a‘, 8914, No. 130069. B.M. Kublanoy and I.M. Kublanov, 
Controlled blocking oscillator in a ''transfluxer."' 

Class 21a‘, 10, No. 129679. R.P. Poilov, Method of measuring 
the equivalent reactive electrical parameters of a piezoelectric resonator. 

Class 21a‘, 11, No. 130070. M.V. Artem'ev and P.I, Udalov, De- 
vice for suppressing arcs in transmitters. 

Application of a thyratron relay is suggested for automatically switch- - 
ing off the transmitter when an arc appears. 

Class 21a‘, 13, No. 129680. V.M. Il'in, Ferroresonant generator of 
damped oscillations. 


Class 21a‘, 13, No. 129681. P.M. Sudakov, Electromechanical 
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generator for self-excitation. 

Class 21a‘, 14), No. 129682. L.G. Volkov, Magneto-tube pulse 
modulator with shaping device composed of antiresonance circuits. 

Class 21a*, 14), No. 130071. A.S. Dadunashvili, Method and device 
for thermomagnetic pulse modulation. 

Class 21a, 2991, No. 130072. Yu. N. Glukhoy, V.L. Brailovskii 
and A.V. Datsko, Pulsed power amplifier. 

Class 21a‘, 29yu, No. 130543. Yu. F. Korobov, Method for synchro- 
izing reception with double frequency conversion. 

Class 21a‘, 354,, No. 130544. V.I. Aleksandrin, A voltage stabilizer. 

Class 21a%, 364, No. 129683. V.I. Beketov, Antenna system operat- 
ing in the microwave region. 

Class 21a‘, 48e,, No. 130073. Yu. S. Bondartsev, Method of adjust- 
ing the frequency characteristics of polarization gratings. 

Class 21la*, 54, No. 129684. K.M. Kosikov, Method for determining 
the optimal operating frequency for a radio communication line of a given 
length. 

Class 21a*, 64), No. 129685. K.P. Kharchenko, Method for 
strengthening the guy wires of a free standing communication pole. 

Class 21a‘, 70, No. 130076. A.A. Leonov, A differential capacitor. 

Class 21a‘, 71, No. 129686. M.I. Krivosheev, Method of measuring 
the ratio of the signal to the quasi-peak value of the noise by judging the 
moment of coincidence of the upper and lower noise peaks on an oscillo- 
graph. 

Class 21a’, 71, No. 130077. R.A. Valitov and S.I. Pozdnyak, Method 
for determining the parameters of a dielectric. 

Class 21b, 7.1, No. 130080. Related to Author's Certificate No. 
55463. P.M. Spiridonov, Carbon-zinc dry cell using air depolarization. 

Class 21b, 254, No. 129691. A.I. Koss, Airtight alkaline nickel- 
cadmium battery. 

Class 21b, 26 9, No. 129692. K.P. Nefedov and S.F. Bugaev, 
Device for charging and discharging electrical batteries. 

Class 2lc, 465,;, No. 129703. Related to Author's Certificate No. 
128053. V.G. Leskov, N.I. Chicherin and V.I. Turkin. System of dynamic 
- automatic gain control. 

Class 21c, 4193, No. 130089. L.I. Gutenmakher, Contactless stepping 
switch. 

Class 21c, 47 ;, No. 130554. Related to Author's Certificate No. 
130089. L.I. Gutenmakher, A contactless switch. 

Class 21c, 54, No. 129705. M.D. Notarius, A.V. Abrosimov, S.M. 
Nikolaevskii and I.L. Rotbert, A temperature-compensated resistor. 

Class 21c, 5592, No. 129707. B.A. Piontkovskii, Device for voltage 
stabilization in a direct current supply circuit. 

Class 21c, 594), No. 130094. A.A. Krugly, Ionic frequency converter. 

Class 21c, 639), No. 129709. I.A. Stolovitskii, Regulator for two 
interrelated electrical quantities. 

Class 21c, 674), No. 129711. Ya. 8S. Nesel', Device for automatic 
maintenance of the mean value of a rectified current. 

Class 21c, 68g), No. 130563. Related to Author's Certificate No. 
91384. M.G. Koblentz, G.A. Bugaev and A.K. Sheshney, An electromag- 
netic relay. 

Class 212, 5, No. 130102. I.S. Rogachev and A.N. Tkachenko, De- 
vice for obtaining a unipolar voltage (current) pulse. 

Class 21d, 12,3, No. 129726. T.A. Suetin, A.A. Sokovich, A.V. 


Stukachev and N.S. Lazarev, A rectifier installation. 
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Class 21d?, 12,3, No. 130105. P.P. Litvinskii, Three-phase rectifier 
installation. > : 

Class 2le, 11), No. 129739. A.A. Pirogov, Device for the automatic 
determination of the fundamental frequency of a current. 

Class 2le, 11g, No. 130110. D.M. Tas'man, Device for determina- 
tion of instantaneous values and frequencies of an oscillogram. 

Class 2le, 11g), No. 130111. S.I. Krechmer, Device for cross- 
multiplying two voltages. 

Class 2le, 12, No. 130112. M.E. Mazurov, Device for measuring 
alternating magnetic fields. 

Class 2le, 12, No. 129741. Related to Author's Certificate No. 
113185. N.N. Grekov and A.P. Ryabov, Method for measuring the ratio of 
the gradient to the intensity of a time varying magnetic field. 

Class 2le, 279, No. 129742. V.S. Mel'nikov, Device for functional 
transformation of a DC voltage. 

Class 2le, 28 9, No. 129743. Related to Author's Certificate No. 
127392. V.A. Baramidze, Generator for linearly increasing voltages. 

Class 21e, 294, No. 130576. Related to Author's Certificate No. 
127750. L.S. Perel'man, Device for measuring the resistance, reactance 
and admittance of a load's impedance. 

Class 2le, 29,9, No. 130578. S.P. Stryapunin, Method for determining 
the location of a break in a cable. 

Class 2le, 2942, No. 130580. N.I. Sverdlov, Device for determining 
the similarity of cable conductors. 

Class 2le, 36, No. 129745. V.A. L'vov, A.A. Askinazi, O.I. Gurin 
and L.B. Beniaminson, Device for measuring the frequency characteristics 
of exchange channels. 

Class 2le, 36);, No. 129746. V.I. Bayunov and M.I. Demidov, De- 
vice for measuring small DC voltages. 

Class 2le, 364), No. 129747. N.F. Vollernev and N.G. Gatkin, 
Method for measuring the spectral density modulus of a unit signal. 

Class 2le, 36; ), No. 129749. I.A. Tsalkin, Method for measuring 
the RMS value of a periodic signal, the RMS value of the stationary noise, 
or the ratio of these quantities. 

Class 21g, 112, No. 130119. V.E. Vershin and E.K. Zhivulin, 
Method for measuring the high-frequency parameters of a transistor. 

Class 21g, 13), No. 129752. B.S. Marino, Device for connecting a 
tuning element, made in the form of a cluster of contacts, with a magnetron. 

Class 21g, 294), No. 130122. S.I. Kochergin, Method for recording 
images on magnetic tape. 

Class 21g, 3092, No. 130591. Related to Author's Certificate No. 
118055. Yu. B. shaub, Device for recording small AC voltages. 
ri Class 21g, 34, No. 130124. V.K. Petrenko, Electromechanical band 
ilter. 

Class 21g, 38, No. 129755. Ya. K. Trokhimenko, A multistage 
multivibrator. 

Class 42d, 142, No. 130688. R.G. Karpov, Device for obtaining a 
separation of the frequencies of two pulse series. 

Class 42d, 10, No. 130200. V.M. Zakharov and B.V. Bolotoy, 
memory device. 

Class 42i, 2091, No. 130696. I.E. Vedernikov, Device for recording 
electrical quantities photographically. 

Class 42m, 14, No. 130238. L.I. Gutenmakher, AC trigger computer, 

Class 42m, 14, No. 130239. E.I. Gurvich, Ferrotransistor with a 
"forbidden" logical circuit. 
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Class 42m, 14, No. 130241. G.P. Gorobchuk, Device for converting 
voltage into positional code. 

Class 42m, 14, No. 130242. V.N. Zhovinskii and V.A. Koshelev, 
Device for obtaining a series of uncorrelated random voltage pulses. 

Class 42m, 14, No. 130243. A.A. Bredovy and I. Kh. Geller, Matrix 
device based on semiconductor diodes. 
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